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I N T R O D U C T I O N
U n i t e d Park Ci ty Mine s Company ( " U n i t e d Park") submits th i sS t a t e m e n t o f Work ( " S O W " ) to p e r f o r m a f o c u s e d remedial

i n v e s t i g a t i o n / f e a s i b i l i t y s t udy at the Richardson F l a t T a i l i n g s S i t e , l o ca t ed in
Summi t County, U t a h ( t h e " S i t e " ) . In s u p p o r t o f th i s S O W , U n i t e d Park ha s
prepared a F o c u s e d Remedial I n v e s t i g a t i o n / F e a s i b i l i t y S t u d y Work Plan ( t h e
"Focused RI/FS Work P l a n " ) , which is attached hereto as Exhibit A and
incorporated by re f erence to th i s S O W . At the request of U n i t e d S t a t e sEnvironmental Protec t ion Agency ("EPA") Region 8, thi s SOW has beenprepared based on and in conformance with EPA's J u l y 2, 1991 M o d e l
S t a t e m e n t o f Work for P R P - C o n d u c t e d Remedial I n v e s t i g a t i o n s and F e a s i b i l i t yS t u d i e s ( E P A ' s "Mode l S O W " ) . T h i s work i s being conducted i n f u l l cooperation
with both the EPA and the Utah Department of Environmental Qual i ty ( U D E Q ) .

As described in S e c t i o n 1.0 o f the F o c u s e d RI/FS Work Plan,
U n i t e d Park is the current owner of a large parcel of p r o p e r t y ( t h e " P r o p e r t y " ) ,compri s ing a p p r o x i m a t e l y 700 acres, located in Summit C o u n t y , Utah. F i g u r e
1.0 of the F o c u s e d RI/FS Work Plan shows the general geographic l o ca t ion ofthe Proper ty. A historic mine t a i l i n g s i m p o u n d m e n t , c on s i s t ing of a large,
g eome tr i ca l ly closed basin formed by an earth embankment and a series ofper imeter containment d ike s , covers a p p r o x i m a t e l y 160 acres of the P r o p e r t yand is sometimes re f erred to as "Richardson F l a t " or s i m p l y the "Site ." Thet a i l i n g s impoundment r e su l t ed f r o m decade s of mining and m i l l i n g s i lver-ladenore in the area around Park Ci ty known as the Park Ci ty M i n i n g Dis tr i c t . TheS i t e i s d e p i c t e d in F i g u r e 2.0 of the F o c u s e d RI/FS Work Plan.

The S i t e has remained unused since mining and m i l l i n g opera t i on sceased in 1982. Over the past f i f t e e n years, EPA Region 8, the U t a h
Department of Environmental Qual i ty ( " U D E Q " ) and U n i t e d Park have been
i n v e s t i g a t i n g the S i t e in order to characterize the S i t e and determine p o t e n t i a ladverse impac t s to human heal th and the environment associated with the
S i t e . At the same time, Uni t ed Park has been i m p l e m e n t i n g a series ofremedial measures at the S i t e in t ended to mi t iga t e any p o t e n t i a l adverseimpac t s on human h e a l t h and the environment.
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T h e o b j e c t i v e s o f t h i s f o c u s e d remedial i n v e s t i g a t i o n / f e a s i b i l i t y
s t u d y ("RI/FS") are to f u r t h e r inve s t i ga t e the nature and extent o fcontamination at the S i t e , to s u p p l e m e n t the inve s t iga t ion e f f o r t s p e r f o r m e d at
t h e S i t e t o d a t e , t o c o l l e c t s u f f i c i e n t data t o s u p p o r t EPA's risk assessment andanalysis, to c o n f i r m that the measures i m p l e m e n t e d at the S i t e to date areadequate to s u p p o r t f i n a l c losure of the S i t e and, if necessary, d e v e l o p andevaluate p o t e n t i a l a d d i t i o n a l remedial a l t ernat ive s t o s u p p o r t f i n a l S i t e closure.EPA wil l evaluate whether current S i t e c o n d i t i o n s are p r o t e c t i v e of human
hea l th and the environment, and if necessary, whether f u r t h e r remedial
measures will prov id e a d d i t i o n a l pro t e c t i on . The f o c u s e d RI and FS areinteractive and may be c onduc t ed concurrent ly so that the a d d i t i o n a l datac o l l e c t e d in the f o c u s e d RI i n f l u e n c e s the d e v e l o p m e n t of a d d i t i o n a l remedial
al t ernat ive s in the FS, which in turn a f f e c t s the da ta needs and the scope oft r e a t a b i l i t y s t u d i e s , if any are required.

U n i t e d Park will conduct th i s f o c u s e d R I / F S (ex c ep t f o r t h e f o c u s e drisk assessment component and any community involvement ac t iv i t i e s which
will be conducted by the EPA) and will p roduc e a d r a f t RI/FS report that are inaccordance with th i s S O W , and to the extent a p p r o p r i a t e for the S i t e , theGuidance f o r C o n d u c t i n g Remedial I n v e s t i g a t i o n s and F e a s i b i l i t y S t u d i e sU n d e r C E R C L A (U.S. E P A , O f f i c e o f Emergency and Remedial Response ,October 1988), and any other guidance that EPA uses in c onduc t ing a RI/FS (a
l i s t of the primary guidance is a t t a c h e d ) , as well as any a d d i t i o n a lrequirements in the admini s tra t ive order. U n i t e d Park will f u r n i s h all
necessary p e r s o n n e l , materials , and services needed , or inc idental to,p e r f o r m i n g the f o c u s e d RI/FS, except a s otherwise s p e c i f i e d in the
admini s trat ive order.

At the c ompl e t i on of the f o cu s ed RI/FS, EPA and U D E Q wil l ber e s p o n s i b l e for the s e l e c t ion of a site remedy and will document thi s s e l e c t ionin a Record of Decision ( R O D ) . The remedial action al ternat ive s e l e c t ed by EPA
and U D E Q wil l meet the c l eanup s tandards s p e c i f i e d in C E R C L A S e c t i o n 121.T h a t is, the s e l e c t ed remedial action will be pro t e c t i v e of human heal th and theenvironment, will be in compl iance wi th, or i n c l u d e a waiver of, a p p l i c a b l e orrelevant and a p p r o p r i a t e requirements of other laws, wil l be c o s t - e f f e c t i v e , wil lu t i l i z e permanent s o l u t i o n s and al ternat ive treatment t e c h n o l o g i e s or resource
recovery t e c h n o l o g i e s , to the maximum extent pra c t i cab l e , and wi l l addre s s thes ta tu tory p r e f e r e n c e for treatment as a pr inc ipa l e l ement , as a p p r o p r i a t e for theS i t e . T h e f i n a l f o c u s e d R I / F S r e p o r t , a s a d o p t e d b y E P A a n d U D E Q a n d E P A ' sf o c u s e d risk assessment w i l l , with the admini s trat ive record, f orm the basis fort h e s e l e c t i on o f t h e Si t e ' s f i n a l closure remedy and will p rov id e th e in f o rmat i on
necessary to s u p p o r t the d e v e l o p m e n t of the ROD.



As s p e c i f i e d in C E R C L A S e c t i o n 104(a)(l), a s amended by SARA,
E P A will p rov id e oversight o f U n i t e d P a r k ' s a c t i v i t i e s t hroughou t t h e f o c u s e dR I / F S . U n i t e d Park will s u p p o r t E P A ' s i n i t i a t i o n a n d conduct o f a c t i v i t i e srelated to the i m p l e m e n t a t i o n of oversight ac t iv i t i e s .
T A S K 1 - S C O P I N G

As described in S e c t i o n 3 o f the F o c u s e d RI/FS Work Plan, sincethe 1970s, numerous environmental inve s t iga t ions have been conduc t ed
re la t ing to the S i t e . The r epor t s and data f r o m these prior inve s t iga t i on s arevery u s e f u l in d e t e rmining the scope of add i t i ona l inve s t iga t ive a c t iv i t i e s neededto bring f ina l closure to the S i t e . F r o m 1985 to 1988 and f r o m 1992 to 1993,
the EPA conducted and repor t ed on inve s t igat ions at the S i t e . Based on
previous and current environmental s t ud i e s and ex i s t ing S i t e c ond i t i on s ,U n i t e d Park has d e v e l o p e d a conceptual model of the S i t e . As described inS e c t i o n 4 o f the F o c u s e d RI/FS Work Plan, the Preliminary S i t e M o d e l will b eused to scope and evaluate the need for s u p p l e m e n t a l remedial inve s t iga t i onwork (as described in S e c t i o n 5 of the F o c u s e d RI/FS Work P l a n ) to assist inthe d e v e l o p m e n t o f f u r t h e r remedial measures to s u p p o r t f i n a l S i t e closure.U n i t e d Park will d e v e l o p a Preliminary S i t e M o d e l in coordinat ion with EPA and
U D E Q .

As described in the F o c u s e d RI/FS W o r k Plan, the S i t e i s similar inconstruct ion and characteri s t ic s to other ta i l ing s i m p o u n d m e n t s f o u n dthroughout Utah and other Rocky Mountain S t a t e s . The t a i l i n g s on thi s S i t eare non-reactive and were derived f rom ore bodie s contained in carbonate hostrocks. S o i l , sur face water, and groundwater media will be addre s s ed in both
the a d d i t i o n a l inve s t iga t ive work and in the evaluation of f u r t h e r remedialmeasures as part of the RI/FS work to be p e r f o r m e d pursuant to thi s S O W .Recent and past inve s t iga t ions show that the t a i l i n g s are underlain by native
high-clay-content so i l s , s i t t i n g within an enclosure c o n s t i t u t i n g a large,geome tr i ca l ly closed i m p o u n d m e n t , covered with a vegetated soil cover. T h e r eis a sur face water diversion d i t c h system that surrounds the i m p o u n d e dt a i l i n g s . Because the characteris t ic s of the S i t e are similar to other t a i l i n g si m p o u n d m e n t s in the Rocky Mounta in region, much is known about such s i te sgenera l ly and about the e f f e c t i v e n e s s of such an i m p o u n d m e n t ' s construction.S u c h in f o rmat i on will also be very u s e f u l in de t ermining the s cope of a d d i t i o n a l
inve s t iga t ive ac t iv i t i e s needed to bring f i n a l closure to the S i t e .

W h e n s c op ing the s p e c i f i c a s p e c t s o f a p r o j e c t , U n i t e d Park willmeet with EPA and U D E Q to d i s cus s all p r o j e c t p l a n n i n g dec i s ions and spec ial



concerns associated with the S i t e . As a f u n c t i o n of the p r o j e c t p l a n n i n gproce s s , U n i t e d Park will p e r f o r m the ac t iv i t i e s de scribed below.
a. S i t e Background and S i t e V i s i t

A c c o r d i n g t o E P A ' s M o d e l S O W , t h e r e s p o n d e n t will gather a n danalyze the ex i s t ing site background i n f o r m a t i o n and will conduct a site visit to
assist in p l a n n i n g the scope o f the RI/FS. The r e s p o n d e n t wi l l also c o l l e c t andanalyze ex i s t ing data and document the need for a d d i t i o n a l data. Befor ep l a n n i n g RI/FS act iv i t i e s , a l l e x i s t ing site data will be t h o r o u g h l y c o m p i l e d andreviewed by the r e s ponden t . S p e c i f i c a l l y , thi s wil l i n c l u d e p r e s e n t l y availabledata r e la t ing to the varieties and quant i t i e s of hazardous substances at thes i t e , and past d i s p o s a l practices . T h i s wil l also in c lude r e s u l t s f r o m anyprevious s a m p l i n g events that may have been conduc t ed . T h i s in f o rmat i on wil lbe u t i l i z e d in de t ermining a d d i t i o n a l data needed to characterize the s i te, b e t t erd e f i n e p o t e n t i a l a p p l i c a b l e or relevant and a p p r o p r i a t e requirements (ARARs),and d e v e l o p a range of pr e l iminar i ly i d e n t i f i e d remedial al ternatives .

A c c o r d i n g t o E P A ' s M o d e l S O W , t h e r e spondent will also conduct asite visit dur ing the p r o j e c t s cop ing phase to assist in d e v e l o p i n g a conceptualu n d e r s t a n d i n g of sources and areas of contamination, as well as p o t e n t i a lexposure pathways and receptors at the site. T h i s in format i on will be u t i l i z edto b e t t er scope the p r o j e c t and to determine the extent of add i t i ona l datanecessary to characterize the s i t e , be t t er d e f i n e p o t e n t i a l A R A R s , and narrowthe range of pr e l iminar i ly i d e n t i f i e d remedial alternatives.
Cons i s t en t with E P A ' s M o d e l S O W , U n i t e d Park h a s gathered a n danalyzed the ex i s t ing S i t e background in format ion and has conducted

numerous S i t e vi s i t s t o assist in s coping i t s f o c u s e d RI/FS. The r e su l t s o fthese e f f o r t s are reported in S e c t i o n s 2, 3 and 4 of the F o c u s e d RI/FS WorkPlan. T h i s in f ormat i on was u t i l i z ed in de t ermining add i t i ona l data needed to
characterize the S i t e , and will assist to be t t er d e f i n e p o t e n t i a l A R A R s andd e v e l o p a range of pr e l iminar i ly i d e n t i f i e d add i t i ona l remedial alternatives. The
r e s u l t s of these e f f o r t s are reported in S e c t i o n s 5 and 7 of the F o c u s e d RI/FSWork Plan. In a d d i t i o n , U n i t e d Park has conducted site vi s i t s with personnelf r o m the EPA and U D E Q . The S i t e work c o m p l e t e d f rom 1985 to 1993 by EPA
and U D E Q has provided a great deal of background i n f o r m a t i o n on the S i t e .T h e r e is a good deal of i n s t i t u t i o n a l knowledge about the S i t e .



b. P r o j e c t Planning
A c c o r d i n g t o E P A ' s M o d e l S O W , once t h e r e s p o n d e n t h a s c o l l e c t e d

and analyzed ex i s t ing data and conducted a site v i s i t , the s p e c i f i c p r o j e c t scopewill be p l a n n e d . P r o j e c t p l a n n i n g ac t iv i t i e s i n c l u d e those tasks described be low,as well as i d e n t i f y i n g data needs , d e v e l o p i n g a work p l a n , d e s i g n i n g a datac o l l e c t i o n program, and i d e n t i f y i n g h ea l th and s a f e t y p r o t o c o l s .
As described in the Focused RI/FS Work Plan, Uni t ed Park hasbeen i m p l e m e n t i n g a series of remedial measures at the S i t e in t ended to

mi t igat e any p o t e n t i a l adverse impac t s on human hea l th and the environment.As th e result o f previous S i t e operat ions and Uni t ed Park ' s remedial e f f o r t s ,U n i t e d Park believes that key e l ements are already in p la c e to s u p p o r t f i n a l S i t eclosure. T h e s e closure e l ement s include:
• I n s t a l l a t i o n of m u l t i p l e monitoring we l l s to monitor groundwatercond i t i on s in and around the S i t e• Cons truc t ion of a large, earth embankment and a series ofcontainment dikes to contain the t a i l ing s• Cons t ru c t i on of a diversion d i t c h system surrounding theimpoundment to co l l e c t and redirect sur face and ground water
• Placement of a vegetated clay soil cover to i s o la t e the t a i l i n g s , toprevent ta i l ings f r om becoming wind-borne, and to minimize thei n f i l t r a t i o n of water to the t a i l i n g s• I n s t a l l a t i o n of a security f ence to l imit S i t e access

Based on the data c o l l e c t ed f r o m and the remedial measures thathave already been i m p l e m e n t e d at the S i t e to da t e , and in cons iderat ion ofremedial measures i m p l e m e n t e d at similar t a i l i n g s impoundment sites
throughout Utah and other Rocky Mounta in S t a t e s , U n i t e d Park believes thatf ina l S i t e closure can be achieved without the i m p l e m e n t a t i o n of f u r t h e r
remedial measures.

However , U n i t e d Park recognizes that EPA has concerns about S i t econdi t i ons that the agency believes must be addre s s ed through add i t i ona l S i t echaracterization and p o s s i b l y through the i m p l e m e n t a t i o n of add i t i ona lremedial measures. T h e r e f o r e , U n i t e d Park agrees to f u r t h e r inve s t iga t e thenature and extent of contamination at the S i t e to s u p p l e m e n t the inve s t iga t i one f f o r t s p e r f o r m e d at the S i t e to date and c on f i rm that the measuresi m p l e m e n t e d at the S i t e to date are adequate to s u p p o r t f i n a l c losure of the



S i t e . If necessary, based on th e f i n d i n g s o f these e f f o r t s , U n i t e d Park wi l l alsod e v e l o p and evaluate p o t e n t i a l a d d i t i o n a l remedial a l t e rna t iv e s to s u p p o r t a
f ina l closure of the S i t e that is pro t e c t i v e of human hea l th and theenvironment, and cons i s t ent with c o n t e m p l a t e d f u t u r e land use of the S i t e .U n i t e d Park p r o p o s e s t o u s e th e data derived f r o m th e F o c u s e d RI/FS ( t o g e t h e rwith a f o c u s e d risk assessment to be p e r f o r m e d by EPA) to de t ermine whether
any f u r t h e r remedial measures are needed to s u p p o r t f i n a l S i t e closure. If and
to the extent f u r t h e r remedial measures are required, U n i t e d Park bel ieves thatany a p p r o p r i a t e f i n a l remedy for the S i t e should be cons i s t ent with andincorporat e , to the maximum extent p r a c t i c a b l e , all e l ement s of the e x i s t ing
S i t e closure.

A c c o r d i n g t o E P A ' s M o d e l S O W , i f remedial actions involving
treatment have been i d e n t i f i e d by the r e sponden t or E P A , t r e a t a b i l i t y s t u d i e swill be required except where the r e spondent can demons tra t e to EPA'ss a t i s f a c t i o n that they are not needed. Where t r e a t a b i l i t y s t u d i e s are n e ed ed ,ini t ial t r e a t a b i l i t y t e s t i n g ac t iv i t i e s (such as research and s t u d y d e s i g n ) will bep lanned to occur concurrently with site characterization act ivi t ie s .

As pr ev i ou s ly described in thi s SOW and in the F o c u s e d RI/FSWork Plan, U n i t e d Park will d e v e l o p and evaluate p o t e n t i a l add i t i ona l remedial
al t ernat ive s to s u p p o r t a f i n a l closure of the S i t e that is pro t e c t iv e of humanhea l th and the environment, and consi s tent with c o n t e m p l a t e d f u t u r e land useof the S i t e . As described in S e c t i o n 7.0 of the F o c u s e d RI/FS Work Plan, a
pre l iminary l i s t of such a d d i t i o n a l remedial measures may inc lude:

• I m p r o v i n g and maintaining the main embankment s t a b i l i t yand in t egr i ty
• I m p r o v i n g and maintaining the soil cover• I m p r o v i n g and maintaining the sur face drainage• I m p r o v i n g and maintaining the diversion d i t c h e s
• Excavating ta i l ing s located out s ide of the impoundment ,

p l a c i n g the same within the i m p o u n d m e n t , and p lacement of
add i t i ona l cover

• E s t a b l i s h i n g a p p r o p r i a t e in s t i tu t ional controls to preventunac c ep tab l e exposure risks
At this time, such prel iminary addi t i onal remedial measures wouldnot involve treatment of hazardous wastes or substances. Con s equen t ly , it isu n l i k e l y that t r e a t a b i l i t y s t ud i e s would need to be p e r f o r m e d as part of theevaluation and s e l e c t ion of f i n a l add i t i ona l remedial measures to s u p p o r t f i n a l

closure of the S i t e . However , if new i n f o r m a t i o n comes to l i g h t as a result of



Unit ed P a r k ' s f o cu s ed R I / F S e f f o r t s , o r i f circumstances change, then U n i t e dPark will evaluate the need for and c onduc t , as necessary, t r e a t a b i l i t y t e s t s in
accordance with the NCP and as approved by EPA.

A c c o r d i n g t o E P A ' s M o d e l S O W , t h e r e s p o n d e n t wi l l conduct a
pre l iminary i d e n t i f i c a t i o n o f p o t e n t i a l s tate and f e d e r a l A R A R s( c h e m i c a l - s p e c i f i c , l o c a t i o n - s p e c i f i c and a c t i o n - s p e c i f i c ) to assist in there f inement of remedial action o b j e c t i v e s , and the initial i d e n t i f i c a t i o n of f u r t h e rremedial a l t ernat ive s and A R A R s associated with par t i cu lar actions. ARARsi d e n t i f i c a t i o n will continue as site c ond i t i on s , contaminants , and remedialaction alternatives are bet ter d e f i n e d .

As described in S e c t i o n 7.0 o f the F o c u s e d RI/FS Work Plan,evaluation of any f u r t h e r remedial al ternatives to s u p p o r t the f i n a l S i t e closurewill inc lude an assessment of the f e a s i b i l i t y and overall e f f e c t i v e n e s s of suchmeasures based on the requirements of C E R C L A and the NCP. T h i s willinc lude a f o cu s ed risk assessment (to be p e r f o r m e d by EPA) that is based onp o s s i b l e f u t u r e land use scenarios. At the outset of the f o c u s e d f e a s i b i l i t y
s t udy , A R A R s for the f i n a l S i t e closure will b e pre l iminar i ly i d e n t i f i e d . S i n c ethe range of p o s s i b l e f u t u r e land uses will be set out early in the proce s s , thepropo s ed A R A R s will be f o c u s e d on a narrow range of remedial measures tos u p p o r t f ina l S i t e closure. A R A R s i d e n t i f i c a t i o n will continue a s S i t ec ondi t i on s , contaminants, and remedial action al ternat ive s are be t t er d e f i n e d .
c . S c o p i n g Del iverable s — F o c u s e d RI/FS Work Plan, S a m p l i n g andAnaly s i s Plan, and H e a l t h and S a f e t y Plan.

The F o c u s e d RI/FS Work Plan is attached to th i s SOW and will be
deemed approved upon E P A ' s s ignature o f t h e A O C . T h e S a m p l i n g a n dA n a l y s i s Plan, and H e a l t h and S a f e t y Plan wil l be submi t t ed to the agencieswithin 60 days o f EPA's s igning o f t h e AOC.

A c c o r d i n g t o E P A ' s M o d e l S O W , a t t h e conclusion o f t h e p r o j e c tp l a n n i n g phase , the r e sponden t will submit a RI/FS work p l a n , a s a m p l i n g andanalysis p lan ("SAP"), and a site h ea l th and s a f e t y p lan ("HASP"). The SAPprov ide s a mechanism for p l a n n i n g f i e l d ac t iv i t i e s and consi s t s of a f i e l ds ampl ing p lan ( F S P ) a n d a qual i ty assurance p r o j e c t p lan ( Q A P P ) . T h e F S P wil ld e f i n e the s a m p l i n g and da ta-ga ther ing me thod s that wi l l be used on thep r o j e c t . The QAPP will describe the p r o j e c t o b j e c t i v e s and organization,f u n c t i o n a l ac t iv i t i e s , and quali ty assurance and qual i ty control (QA/QC)p r o t o c o l s that will be used to achieve the desired data quali ty o b j e c t i v e s("DQOs"). The HASP will b e prepared in conformance with th e r e s p o n d e n t ' s
7



heal th and s a f e t y program, and in compliance with OSHA regu la t i on s andpro t o c o l s . The RI/FS work p lan and SAP must be reviewed and approved by
EPA prior to the in i t ia t i on of f i e l d ac t ivi t i e s .

As pr ev i ou s ly indi ca t ed in th i s S O W , U n i t e d Park has prepared a
F o c u s e d RI/FS W o r k Plan, at tached hereto a s Exhibi t A. U n i t e d Park wi l l alsoprepare a SAP (which i n c l u d e s a FSP and QAPP) and HASP prior t o c o n d u c t i n g
a n y s u p p l e m e n t a l f i e l d work a t t h e S i t e . C o n s i s t e n t with E P A ' s M o d e l S O W ,the F o c u s e d RI/FS Work Plan and SAP will be reviewed and approved by EPAprior to the in i t ia t i on of f i e l d act ivi t ie s .
T A S K 2 - C O M M U N I T Y R E L A T I O N S

The deve lopment and impl ementa t i on of community re lat ionsact ivi t i e s are the r e s p o n s i b i l i t y of EPA and UDEQ. A l t h o u g h i m p l e m e n t a t i o n ofthe community relat ions p lan is the r e s p o n s i b i l i t y of EPA and U D E Q , U n i t e dPark may assist by p r o v i d i n g i n f o r m a t i o n regarding the Site ' s h i s tory,
p a r t i c i p a t i n g in p u b l i c meet ings, or by as s i s t ing in the preparat ion of f a c tsheets for d i s t r i b u t i o n to the general p u b l i c . U n i t e d Park may e s t ab l i s h acommunity in f ormat i on r epo s i t ory , at or near the S i t e , to house one copy of the
admini s trat ive record. The extent o f U n i t e d Park' s involvement in communityre la t ions ac t iv i t i e s i s l e f t t o the d i s cre t ion o f the agencies. U n i t e d Park' scommunity relat ions r e s p o n s i b i l i t i e s , if any, will be s p e c i f i e d in the communityrelations plan. All community relations activities conducted by Uni t ed Parkwill be s u b j e c t to oversight by EPA.
T A S K 3 - S I T E C H A R A C T E R I Z A T I O N
a. F i e l d I n v e s t i g a t i o n

During this phase, t h e F o c u s e d R I / F S Work Plan, S A P , a n d H A S P
are i m p l e m e n t e d . As set f o r t h in S e c t i o n 5 of the F o c u s e d RI/FS Work Plan,the s u p p l e m e n t a l f i e l d inve s t igat ion will in c lude the ga ther ing o f add i t i ona ldata to f u r t h e r d e f i n e site physical and biological characteristics, sources ofcontamination, and the nature and extent of contamination at the S i t e . T h e s eac t ivi t i e s will be p e r f o r m e d by U n i t e d Park in accordance with the F o c u s e dR I / F S Work Plan a n d S A P . U n i t e d Park will in i t ia t e f i e l d s u p p o r t ac t iv i t i e sf o l l o w i n g approval o f t h e F o c u s e d R I / F S Work Plan a n d S A P . F i e l d s u p p o r tact ivit ie s may i n c l u d e obtaining access to the s i te, s c h e d u l i n g , and procuringequipment , o f f i c e space, laboratory services, a n d / o r contractors, asa p p r o p r i a t e . U n i t e d Park will n o t i f y EPA at least two weeks prior to i n i t i a t i n gf i e l d s u p p o r t act ivi t ie s so that EPA may adequat e ly s chedu l e oversight tasks.
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U n i t e d Park wil l also n o t i f y EPA in wri t ing upon c o m p l e t i o n of f i e l d s u p p o r t
ac t iv i t i e s .
b. Data A n a l y s i s

I n accordance with t h e F o c u s e d R I / F S W o r k Plan, U n i t e d Park wi l lanalyze and evaluate the ex i s t ing and any newly-co l l e c t ed data to describe: (1)site phys i cal and b io logical characteri s t i c s , (2) contaminant sourcecharacteri s t ic s , (3) nature and extent of contamination and (4) contaminantf a t e and transport . The RI data will be pre sented in a format (i . e . , c omputerdisc o r equ iva l en t) t o f a c i l i t a t e EPA's pr epara t i on o f t h e f o c u s e d riskassessment. U n i t e d Park shall agree to d i s cu s s and then co l l e c t any data gap s
i d e n t i f i e d by the EPA that need to be f i l l e d in order to c o m p l e t e the f o c u s e d riskassessment. ( S e e "Guidance for Data U s a b i l i t y in Risk Ass e s sment - O S W E RDirective # 9285.7- 05 - October 1990.) A d d i t i o n a l l y , the data will be used incombination with the f o c u s e d risk assessment to f a c i l i t a t e the i m p l e m e n t a t i o nof any a d d i t i o n a l remedial measures that are deemed necessary for the S i t ethrough t h e F e a s i b i l i t y S t u d y that f o l l o w s .
c. Data Management Procedures

I n f o r m a t i o n gathered dur ing t h e s u p p l e m e n t a l S i t echaracterization work will be c on s i s t en t ly documented and adequate ly recordedby U n i t e d Park in wel l-maintained f i e l d l og s and laboratory report s . F i e l d l og swill be u t i l i z e d to document observations, measurements, and s i g n i f i c a n tevents that have occurred during f i e l d activities. Laboratory repor t s willdocument sample c u s t o d y , analytical r e s p o n s i b i l i t y , analytical r e s u l t s ,noncon formi ty events, corrective measures a n d / o r data d e f i c i e n c i e s , andadherence to prescribed p r o t o c o l s .
d. Remedial I n v e s t i g a t i o n Report Del iverable

A f t e r c o m p l e t i n g the s u p p l e m e n t a l f i e l d s a m p l i n g and analysis, a
d r a f t RI Report will be prepared and submi t t ed by U n i t e d Park to EPA andU D E Q for review and approva l . The d r a f t RI report wi l l contain a S i t echaracterization summary that will provide EPA with a preliminary re f erencef or d e v e l o p i n g the f o c u s e d risk assessment. The S i t e characterization summarywill also be used by U n i t e d Park to assist in c o n f i r m i n g that the measuresimplement ed at the S i t e to date are adequate to s u p p o r t f ina l closure of theS i t e , and in evaluat ing the d e v e l o p m e n t and screening of f u r t h e r remedialalternatives and the r e f in emen t and i d e n t i f i c a t i o n of A R A R s . The d r a f t RI
report shall summarize and evaluate re su l t s of past and recent f i e l d ac t iv i t i e s
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to characterize the S i t e , sources of contamination and the f a t e and t ranspor t of
contaminants. U n i t e d Park will r e f e r to the RI/FS Guidance for an o u t l i n e o fthe report format and contents. F o l l o w i n g comments by EPA and U D E Q ,U n i t e d Park will prepare a f i n a l RI r e p o r t , which s a t i s f a c t o r i l y addre s s e s EPA
and U D E Q comments.
T A S K 4 - T R E A T A B I L I T Y S T U D I E S

As described earlier in thi s SOW and in S e c t i o n 7.0 of the WorkPlan, U n i t e d Park will d e v e l o p , evaluate and recommend, as necessary,
p o t e n t i a l a d d i t i o n a l remedial a l t ernat ive s to s u p p o r t a f i n a l closure of the S i t ethat will be pro t e c t iv e of human heal th and the environment, and cons i s t entwith the c o n t e m p l a t e d f u t u r e land use of the S i t e . At thi s time, such a d d i t i o n a lremedial measures would not involve treatment of hazardous wastes or
substances. Cons equen t ly , it is u n l i k e l y that t r e a t a b i l i t y s t u d i e s would need tobe p e r f o r m e d as part of the evaluation and s e l e c t i on of f i n a l a d d i t i o n a l remedialmeasures to s u p p o r t f ina l closure of the S i t e . However , if new i n f o r m a t i o ncomes to l i gh t a s a result o f U n i t e d Park' s f o c u s e d RI/FS e f f o r t s , or i f
circumstances change, then U n i t e d Park will evaluate the need for andconduc t , a s necessary, t r ea tab i l i ty t e s t s in accordance with the NCP and EPA'sM o d e l SOW and as approved by EPA.
T A S K 5 - D E V E L O P M E N T A N D A N A L Y S I S O F F U R T H E R R E M E D I A L
A L T E R N A T I V E SAs described in S e c t i o n 7.0 of the Focu s ed RI/FS Work Plan andprev iou s ly in T a s k l .b of th i s S O W , U n i t e d Park believes that f i n a l S i t e c losurecan be achieved without the i m p l e m e n t a t i o n of f u r t h e r remedial measures.However , U n i t e d Park recognizes that EPA has concerns about S i t e c ond i t i on sthat the agency believes must be addres s ed through add i t i ona l S i t echaracterization and p o s s i b l y through the i m p l e m e n t a t i o n of a d d i t i o n a lremedial measures. T h e r e f o r e , U n i t e d Park agrees to f u r t h e r inve s t igate the
nature and extent of contamination at the S i t e to s u p p l e m e n t the inve s t iga t ione f f o r t s p e r f o r m e d at the S i t e to date and conf irm that the measuresi m p l e m e n t e d at the S i t e to date are adequate to s u p p o r t f ina l closure. U n i t e d
Park notes that it is currently cons ider ing long-term, non-re s ident ial land usesat the S i t e and the Proper ty . W h i l e the P r o p e r t y ou t s i d e the i m p o u n d m e n t is
already su i tab l e for d e v e l o p m e n t , the P r o p e r t y is not currently being used forany p r o d u c t i v e purpo s e . U n i t e d Park is cons ider ing d e v e l o p i n g the areaou t s i d e of the actual impoundment for non-re s id en t ia l , recreational uses.
U n i t e d Park is also cons idering non-residential uses, consis tent with the soilcover and any a p p r o p r i a t e i n s t i t u t i o n a l c on tro l s , for the southern area of thet a i l i n g s impoundment area i t s e l f .

10



Based on the f i n d i n g s of these a d d i t i o n a l i n v e s t i g a t i o n andevaluation e f f o r t s , U n i t e d Park p r o p o s e s to use the data derived f r o m the
F o c u s e d RI/FS ( t o g e t h e r with a f o c u s e d risk assessment to be p e r f o r m e d by
EPA) to f a c i l i t a t e the d e t e rmina t i on of whether any f u r t h e r remedial measuresare needed to s u p p o r t f i n a l S i t e closure. If necessary, as part of the f o c u s e d
f e a s i b i l i t y s t u d y , U n i t e d Park will d e v e l o p a p p r o p r i a t e remedial actiono b j e c t i v e s , and d e v e l o p and evaluate p o t e n t i a l a d d i t i o n a l remedial a l t e r n a t i v e s ,to s u p p o r t a f i n a l closure of the S i t e that is pro t e c t i v e of human hea l th and the
environment, taking into considerat ion the l ow- tox i c i ty volume of the o n - S i t eta i l ings materials, as well as remedial measures impl ement ed at similar ta i l ingsimpoundment s i te s throughout U t a h and the Rocky Mounta in S t a t e s . If and tothe extent f u r t h e r remedial measures are required, Uni t ed Park believes that
any a p p r o p r i a t e f i n a l remedy for the S i t e should be consis tent with and
incorporate , to the maximum extent prac t i cab l e , all e l ement s of the e x i s t ingS i t e c losure, and with c o n t e m p l a t e d f u t u r e land use of the S i t e .

U n i t e d Park will d e v e l o p and evaluate a range of a p p r o p r i a t ef u r t h e r remedial al ternatives to s u p p o r t f i n a l S i t e c losure, concurrent with theRI S i t e characterization task. Based on EPA's f o cu s ed risk assessment, Uni t edPark will review, and if necessary and a p p r o p r i a t e for the S i t e : 1) m o d i f y thes i t e - s p e c i f i c remedial action o b j e c t i v e s ; 2) d e v e l o p general re sponse actions foreach medium of interest to s a t i s f y the remedial action o b j e c t i v e s ; 3) i d e n t i f yareas or volumes of media to which general response actions may a p p l y , takinginto account requirements for pro t e c t iv ene s s as i d e n t i f i e d in the remedialaction o b j e c t i v e s ; 4) i d e n t i f y , screen and document t e c h n o l o g i e s , if any,a p p l i c a b l e to each general response action to eliminate those that cannot bei m p l e m e n t e d at the s i t e; and 5) assemble and document f u r t h e r a l t ernat iveremedial measures. S u c h remedial measures may i n c l u d e , for example ,removal, treatment and containment of the o n - S i t e t a i l i n g s material s , as well as
a "no-action" alternative.

U n i t e d Park wil l conduct a d e t a i l e d analysis of add i t i ona l remedial
alternatives to s u p p o r t f ina l closure of the S i t e , which will consist of ananalysis against a set of nine evaluation criteria to ensure that the s e l e c t eda d d i t i o n a l remedial measures will be pro t e c t iv e of human hea l th and theenvironment; will be in compl iance wi th , or in c lud e a waiver of, ARARS; will becost- e f f e c t i v e ; wil l u t i l i z ed permanent s o l u t i o n s and al ternat ive treatmentt e chno log i e s , or resource recovery t e chno log i e s , to the maximum extentprac t i cab l e; and will addre s s the s ta tu tory p r e f e r e n c e for treatment as apr inc ipal element ( i f a p p r o p r i a t e ) . T h e evaluation criteria inc lude: ( 1 ) overallp r o t e c t i o n of human heal th and the environment; (2) compl iance with ARARs;
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(3) long-term e f f e c t i v e n e s s and permanence; (4) r educ t i on o f t o x i c i ty , m o b i l i t y ,
o r volume; ( 5 ) short-term e f f e c t i v e n e s s ; ( 6 ) i m p l e m e n t a b i l i t y ; ( 7 ) co s t ; ( 8 ) s ta t e(or s u p p o r t agency) acceptance; and (9) community acceptance. (Note: criteria
8 and 9 are considered a f t e r the f o c u s e d RI/FS report has been released to thegeneral p u b l i c . )

U n i t e d Park will submit a d r a f t FS report to EPA for review and
approva l . Once U n i t e d Park h a s addre s s ed E P A ' s comments, t h e f i n a l F Sreport may be bound with the f i n a l RI report . T h i s r e p o r t , as u l t i m a t e l ya d o p t e d or amended by EPA, prov id e s a basis for remedy s e l e c t i on by EPA anddocuments the deve lopment and analysis of f u r t h e r remedial alternatives tos u p p o r t f i n a l closure o f t h e S i t e . U n i t e d Park will r e f e r t o t h e RI/FS Guidance
for an ou t l in e of the report format and the required report cont ent , asa p p r o p r i a t e f o r t h e S i t e .
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R E F E R E N C E S F O R C I T A T I O N
The f o l l o w i n g l i s t , a l though not comprehensive, comprise s many of ther egu la t i on s and guidance document s that a p p l y t o th e RI/FS proces s:

T h e ( r e v i s e d ) N a t i o n a l Cont ingency Plan
"Guidance f o r C o n d u c t i n g Remedial I n v e s t i g a t i o n s and F e a s i b i l i t y S t u d i e s
U n d e r C E R C L A , " U . S . E P A , O f f i c e o f Emergency and Remedial Response ,October 1988, O S W E R Directive No. 9355.3-01
"Inter im Guidance on P o t e n t i a l l y Respons ib l e Party Part i c ipa t i on in Remedial
I n v e s t i g a t i o n a n d F e a s i b i l i t y S t u d i e s , " U . S . E P A , O f f i c e o f W a s t e ProgramsEnfor c emen t , A p p e n d i x A to O S W E R Directive No. 9355.3-01.
"Guidance on Oversight of P o t e n t i a l l y R e s p o n s i b l e Party Remedial
I n v e s t i g a t i o n s a n d F e a s i b i l i t y S t u d i e s , " U . S . E P A , O f f i c e o f W a s t e Programs
E n f o r c e m e n t , O S W E R Directive No. 9835.3
"A C o m p e n d i u m o f S u p e r f u n d F i e l d Operat ions M e t h o d s , " Two V o l u m e s , U . S .E P A , . O f f i c e o f Emergency and Remedial Response, E P A / 5 4 0 / P - 8 7 / 0 0 1 a ,
A u g u s t 1987, O S W E R Directive No. 9355.0-14.
"EPA NEIC Pol i c i e s and Procedures Manual," May 1978, revised N o v e m b e r
1984, E P A - 3 3 0 / 9 - 7 8 - 0 0 1 - R .
"Data Qual i ty O b j e c t i v e s f o r Remedial Response A c t i v i t i e s , " U . S . E P A , f f i c e o fEmergency and Remedial Response and O f f i c e of W a s t e Programs E n f o r c e m e n t ,
E P A / 5 4 0 / G - 8 7 / 0 0 3 , March 1987, O S W E R Directive No. 9335.0-7B.
" G u i d e l i n e s and S p e c i f i c a t i o n s for Preparing Qual i ty Assurance P r o j e c t Plans,"
U . S . E P A , O f f i c e o f Research a n d Deve l opmen t , Cincinnati , O H , Q A M S - 0 0 4 / 8 0 ,
December 29,1980.
"Inter im G u i d e l i n e s and S p e c i f i c a t i o n s f or Qual i ty Assurance Pro j e c t Plans,"
U . S . E P A , O f f i c e o f Emergency and Remedial Response , Q A M S - 0 0 5 / 8 0 ,December 1980.
"Users G u i d e to the EPA Contract Laboratory," U . S . E P A , S a m p l e Management
O f f i c e , A u g u s t 1982.
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I n t e r i m Guidance with A p p l i c a b l e or Relevant and A p p r o p r i a t e R e q u i r e m e n t s , '
U . S . E P A , OFFICE o f Emergency and Remedial Respons e , J u l y 9 , 1987,
O S W E R Directive No. 9234.0-05.
" C E R C L A Compl ianc e with Other Laws Manual," T w o V o l u m e s , U . S . E P A , O f f i c e
o f Emergency and Remedial Respons e , A u g u s t 1988 (draft), O S W E R DirectiveNo. 9234.1-01 and-02.
"Guidance on Remedial A c t i o n s for Contaminated Ground W a t e r at S u p e r f u n dS i t e s , " U . S . " U . S . E P A , O f f i c e o f Emergency a n d Remedial Respons e , ( d r a f t ) ,
O S W E R Directive No. 9283.1-2.
"Draft Guidance on S u p e r f u n d Decision Documents," U . S . E P A , O f f i c e o f
Emergency and Remedial Response , March 1988, O S W E R Direct ive No.
9355.-02
"Risk Asses sment Guidance for S u p e r f u n d - V o l u m e I Human H e a l t hEvaluation Manual (Part A ) , E P A / 5 4 0 / 1 - 8 9 / 0 0 2
"Risk Asse s sment Guidance f or S u p e r f u n d - V o l u m e II EnvironmentalEvaluation Manual," March 1989, E P A / 5 4 0 / 1 - 8 9 / 001
"Guidance for Data U s a b i l i t y in Risk Asses sment," October, 1990,
E P A / 5 4 0 / G - 9 0 / 0 0 8
"Performance of Risk A s s e s s m e n t s in Remedial I n v e s t i g a t i o n / F e a s i b i l i t yS t u d i e s ( R I / F S s ) C o n d u c t e d b y P o t e n t i a l l y R e s p o n s i b l e Parties ( P R P s ) , " A u g u s t
28, 1990, O S W E R Directive N o . 9 8 3 5 . 1 5 .
"Role of the Baseline Risk Asse s sment in S u p e r f u n d Remedy S e l e c t i o n
Decisions," A p r i l 22 , 1991, O S W E R Directive No. 9355.0-30.
" H e a l t h and S a f e t y Requirements o f E m p l o y e d in F i e l d A c t i v i t i e s , " U . S . E P A ,O f f i c e o f Emergency and Remedial Response , J u l y 12, 1981, EPA Order No.
1440.2.
OSHA Regulations in 29 CFR 1910.120 ( F e d e r a l Register 45654, December 19,

1986).
"Inter im Guidance on A d m i n i s t r a t i v e Records for S e l e c t i o n o f C E R C L AResponse Actions," U . S . E P A , O f f i c e o f W a s t e Programs Enfor c ement , March
1,1989, O S W E R Directive N o . 9833.3A.
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"Community Rela t i on s i n S u p e r f u n d : A H a n d b o o k , " U . S . E P A , O f f i c e o fEmergency and Remedial Response , J u n e 1988, O S W E R Directive No.
9230.0#3B.
"Community Relat ions During Enforc ement A c t i v i t i e s And D e v e l o p m e n t o f theA d m i n i s t r a t i v e Record," U . S . E P A , O f f i c e o f Programs E n f o r c e m e n t , N o v e m b e r
1988, O S W E R Directive No. 9836.0-la.
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1.0 INTRODUCTION
Respondents (as d e f i n e d in the Admini s trat ive Order on Consent ( U . S .

E.P.A. Docket No. ____), dated ______________, 2000) (the AOC") submit th i s
Focused Remedial I n v e s t i g a t i o n / F e a s i b i l i t y S t u d y ("RI/FS") Work Plan pursuant to the
Statement of Work, Focused Remedial I n v e s t i g a t i o n / F e a s i b i l i t y Study, Richardson Flat
T a i l i n g s S i t e , Summit County, Utah, UT980952840." United Park City Mines Company
("United Park") is the current owner of a large parcel of proper ty (the "Property"),
comprising approx imate ly 700 acres, located in Summit County, Utah. Figure 1.0 shows
the general geographic location of the Property. A historic mine ta i l ings impoundment,
consisting of a large, geometr i ca l ly closed basin formed by an earth embankment and a
series of perimeter containment dikes, covers approx imate ly 160 acres of the Property and
is sometimes referred to as "Richardson F l a t " or s imp ly the "Site." The ta i l ing s
impoundment resulted from decades of mining and mi l l ing s i lver-laden ore in the area
around Park City known as the Park City Mining District. The S i t e is dep i c t ed in Figure
2.0.

The S i t e has remained unused since mining and m i l l i n g operat ions ceased in
1982. Over the past f i f t e e n years, the United S t a t e s Environmental Protection Agency
("EPA"), the Utah Department of Environmental Quality ("UDEQ"), and United Park
have been inve s t igat ing the S i t e in order to characterize the S i t e and determine pot ent ia l
adverse impacts to human hea l th and the environment associated with the S i t e . At the
same time, United Park has been implement ing a series of remedial measures at the S i t e
intended to mitigate any potent ial adverse impacts on human health and the environment.

As the result of previous S i t e operations and United Park's remedial e f f o r t s ,
Respondents believe that key e lements are in p lace to support f i n a l S i t e closure. The s e
exist ing closure elements include (i) the i n s t a l l a t i o n of m u l t i p l e monitoring we l l s to
monitor groundwater condit ions in and around the S i t e ; ( i i ) the construction of a large,
earth embankment and a series of containment dikes to contain the t a i l i n g s ; ( i i i )



construction of a diversion di tch system surrounding the impoundment to collect and
redirect; (iv) the placement of a vegetated clay soil cover to i solate the tai l ings , to prevent
ta i l ing s f rom becoming wind-borne, and to minimize the i n f i l t r a t i o n of water to the t a i l i n g s ;
and (v) the in s ta l la t i on of a security f ence to limit S i t e access.

Based on available data from the S i t e and from similar ta i l ing s
impoundments, Respondents believe that the tai l ings impoundment as currently closed
does not unacceptably impact upon, and does not otherwise pose unacceptable risks to,
human health or to the environment. Respondents further believe that f inal S i t e closure
can be achieved without the impl emen ta t i on of fur ther remedial measures. On the other
hand, Respondents recognize that EPA and UDEQ have expressed concerns about S i t e
conditions that the agencies believe must be addressed through additional S i t e
characterization and pos s ib ly through the implementa t ion of addit ional remedial measures.
T h e r e f o r e , Respondent s propose to use the data co l l e c t ed to date concerning the S i t e

( a f t e r an evaluation of its su i tab i l i ty for use in the RI/FS process) and the data derived
from the propo s ed , Focused Remedial Inve s t iga t i on and F e a s i b i l i t y S t u d y , to f a c i l i t a t e an
evaluation of the e f f e c t i v e n e s s and appropr ia t ene s s of the exis t ing in-place remedies and to
determine whether any fur th er remedial measures are needed to support f i n a l S i t e closure.

If and to the extent fur ther remedial measures are required at al l , Respondents believe
that any appropr ia t e f i n a l remedy for the S i t e should incorporate to the maximum extent
pract icable all exist ing elements of S i t e closure.

The purpose of this Work Plan is to outline addi t i onal S i t e characterization
work to be per formed that will gather data to assist in the evaluation of the soundness and
appropriat ene s s of the exist ing remedies and, to the extent necessary, recommend
addi t ional remedial measures to support f ina l S i t e closure. T h i s and other data will also be
presented for use by the EPA to p e r f o rm a focused risk assessment. It will also be used in
the Focused Remedial Inve s t iga t ion and F e a s i b i l i t y S t u d y f i n a l reports both consistent with
the Comprehensive Environmental Response, Compensation and L i a b i l i t y Act of 1980
("CERCLA") and the National Contingency Plan ("NCP") to support f ina l site closure.



T h i s Work Plan describes current knowledge about the S i t e and its history,
summarizes investigation and characterization work completed to date , presents a
conceptual model of the S i t e , and describes the addi t i onal invest igative, risk assessment,
f e a s i b i l i t y study, and community relations work to be per formed. T h i s Work Plan also
presents a de scr ipt ion of the ant ic ipated reports and de l iverable s and a pro j e c t schedule.

2.0 SITE DESCRIPTION AND B A C K G R O U N D
The Richardson Rat Property covers approximately 700 acres in a small

va l l ey in Summit County, Utah, located one and one-half miles northeast of Park City,
Utah. The tai l ings impoundment S i t e covers approx imate ly 160 acres in the northwest
corner of the Property and lies within the NW quarter of Section 1 and NE quarter of
Sect ion 2, Townsh ip 2 Sou th , Range 4 East, Summit County, Utah. Figure 2.0 shows the
S i t e boundary.

In 1988, during the f i r s t proposal by the EPA to place the S i t e on the NPL,
the site boundaries were limited to the impoundment area and adjacent lands. It did not
include the area known as the f l o o d p l a i n tailings. The f l o o d p l a i n area, along with the Park
City Municipal L a n d f i l l were evaluated as part of the work comple t ed by the EPA in 1992
in connection with EPA's second proposal to l i s t the S i t e on the NPL.

For the purposes of this Focused RI/FS, the S i t e will include the area shown
on Figure 2. The Park City Municipal L a n d f i l l is p h y s i c a l l y separated from and has no
operat ional connection with the S i t e , and thus, is not a part of the S i t e for purposes of this
focused R I / F S .

Likewise, the Focused RI/FS does not propose including the f l o o d p l a i n
tai l ings as part of the Si t e . As noted more f u l l y in United Park's comments to EPA's
propo sa l s to l i s t the site on the NPL, there is no evidence linking the f l o o d p l a i n t a i l i n g s to
the S i t e . The f l o o d p la in tai l ings are located in an area that is upgradiant from the S i t e and
on the other side of the railroad bed, a physical barrier that i so late s the f l o o d p l a i n t a i l i n g s
f rom the S i t e . But more important, analytical data f rom the f l o o d p l a i n t a i l i n g s indicate



that they are of a d i f f e r e n t nature and composition than the ta i l ing s d epo s i t ed at the Si t e .
All of the evidence leads to the conclusion that the f l o o d p l a i n t a i l ing s are composed of
upstream ta i l ings mixed with the natural f l uv ia l sediments in Si lver Creek. The f l o o d p l a i n
ta i l ing s originated upstream from the ta i l ings located on the Si lv er M a p l e unpatented
mining claims (BLM ownership) and the S i l v e r Creek T a i l i n g s site (Prospec tor Square,
Park City) and were carried downstream in Silver Creek to the f l o o d p l a i n . T h e r e f o r e , the
f l o o d p l a i n tailings area is also not a part of the Site for purposes of this focused RI/FS.

2.1 S i t e Operational H i s t o r y
United Park was formed in 1953, with the consolidation of Silver K i n g

Coal i t i on Mines Company and Park U t a h Consol idated Mines Company, both p u b l i c l y
traded mining companies at the time. T a i l i n g s were f i r s t p laced at the S i t e prior to 1950.
The mill ta i l ing s present at the S i t e consist mostly of sand-sized p a r t i c l e s of carbonate rock
with some minerals containing silver, l ead, zinc and other metals. Whi l e few s p e c i f i c
d e t a i l s are known about the exact configuration and operation of the historic ta i l ing s pond,
certain elements of prior operations are apparent. It appears that f rom time to time,
ta i l ing s were transported to the S i t e through three distinct low areas on the Property. Over
the course of time, t a i l ing s materials also s e t t l ed out into these three low areas that were
ul t ima t e ly l e f t outside and south of the present impoundment area as constructed in 1973-
74. An embankment constructed along the western area of the S i t e also appears to have
been in place as part of the original design and construction of the ta i l ing s pond, but few
de ta i l s are known of the original embankment.

In 1970, Park City Ventures ("PCV"), a jo int venture partnership between
Anaconda Copper Company ("Anaconda") and American S m e l t i n g and Ref ining Company
("ASARCO"), entered into a lease agreement with United Park to use the Property for
disposal of addit ional mill tai l ings result ing from renewed mining in the area. PCV
contracted with Dames & Moore to provide construction s p e c i f i c a t i o n s for reconstruction
of the S i t e for continued use as a tai l ings impoundment (Dames & Moore, 1974). The



S t a t e of Utah approved PCVs proposed S i t e operations based on Dames & Moore's
design, construction, and operation spe c i f i ca t i on s . Before d i spos ing of ta i l ings at the S i t e ,
PCV in s ta l l ed a large, earth embankment along the western edge of the existing t a i l i n g s
impoundment and constructed perimeter containment dike structures along the southern
and eastern borders of the impoundment to allow storage of add i t i ona l tai l ings . See Figure
2.0. PCV also in s ta l l ed a diversion ditch system along the higher s lope s north of the
impoundment and outside of the containment dike along the east and south perimeter of
the impoundment to prevent surface runof f from the surrounding land from entering the
impoundment. PCV also installed groundwater monitoring well s near the base of the main
embankment, as part of the required approval process by the S t a t e of Utah.

PCV conveyed ta i l ing s to the impoundment by a slurry p i p e l i n e f rom its mill
f a c i l i t y located south of the S i t e . Over the course of its operations, PCV disposed of
approx imat e ly 420,000 tons of ta i l ing s at the S i t e . In addi t ion to d e v e l o p i n g construction
spe c i f i ca t i on s for the S i t e , Dames & Moore also provided PCV with operating
requirements for the tailings pond and slurry line, that were also approved by the S t a t e of
Utah as a requirement for operating the Site. Dames & Moore recommended, among
other things, that PCV operate the slurry line in such a way so as to deposit tail ings around
the perimeter of the ta i l ings impoundment and moving towards the center of the
impoundment (Dames & Moore, 1974 at 21). Thi s is also common operat ing practice in
the industry. U n f o r t u n a t e l y , PCV f a i l e d to f o l l o w the Dames & Moore requirement and
operated the slurry line in such a way that a large volume of ta i l ing s were p laced near the
center of the impoundment in a large, h igh-pro f i l e , cone-shaped feature. A f t e r cessation of
operations by Noranda in 1982, the presence of this cone-shaped feature of the tail ings
pond resulted in the prevailing winds cutting into the tailings and the tailings materials
becoming wind-borne. Had the slurry line been operated according to the Dames &
Moore spe c i f i ca t i on s , the h i g h - p r o f i l e t a i l ing s cone would not have existed and prevai l ing
winds would not have been a s ignif icant potential exposure pathway at the S i t e .



Between 1980 and 1982, Noranda Mining, Inc. ("Noranda") leased the
mining and mil l ing operations and placed an addi t ional , estimated 70,000 tons of tai l ings at
the Site . No new tail ings have been placed at the S i t e since Noranda ceased its operations.

2.2 Descript ion of Exi s t ing Closure Measures and Elements
Over the years, certain e f f o r t s have been taken at the Si t e that can be used to

support f ina l closure. More s p e c i f i c a l l y , tai l ings at the S i t e are pre sent ly contained through
a combination of man-made and natural fac tors , discussed below.

2.2.1 Main Embankment and Containment Dikes. As explained above, the
majori ty of the tailings at the S i t e are contained in a geometrically closed basin, with a
large, earth, embankment (the "main embankment") in place along the western edge of the
Site . The main embankment is vegetated and is approx imate ly 40 f e e t wide at the top, 800
f e e t long, and has a maximum height of 25 f e e t (Dames & Moore 1980, at Plate 2). The
main embankment was designed to permit seepage of water from the impoundment to
relieve hydraulic pressure on the embankment. In March of 1974, Dames & Moore
recommended to PCV, and in November 1980, recommended to Noranda, that engineered
seepage controls be in s ta l l ed at the base of the main embankment. (Dames & Moore 1974,
1980 at 9 and 16, r e spec t ive ly) It appears that neither company f o l l o w e d this
recommendation. A series of man-made containment dikes contain the ta i l ings along the
southern and eastern perimeter of the impoundment. The northern edge of the
impoundment is naturally higher than the perimeter dikes.

In 1980, Dames & Moore investigated the tail ings impoundment structures
for Noranda and noted that the main embankment was not constructed in accordance with
its original design spe c i f i ca t i on s and noted that it was oversteepened in some areas.
Neverthe le s s , Dames & Moore did not have any immediate concerns about the s t a b i l i t y of
the main embankment at that time. While Dames & Moore did express reservations if
additional tail ings were added to the impoundment over a long period of time, Noranda
ceased mining and milling operations in 1982 and no tailings or slurry water have been



disposed of at the S i t e since that time. Respondents agree with previous investigations that
portions of the main embankment are oversteepened and were not constructed in
accordance with original design recommendations. As part of the Focused RI/FS,
Respondents will design an appropria t e wedge buttress to address this problem. T h i s work
is fur th er described in Sec t i on 5.6.

2.2.2 Natural Under ly ing Clay Soi l s . Past geotechnical studies by Dames
and Moore and the more recent Weston report indicate that the impoundment is underlain
by native high clay-content soils with s u f f i c i e n t l y low permeabi l i ty to support closure in
place for the tai l ings. Exis t ing data demonstrates that there is no hydraulic connection
between the ta i l ings impoundment and underlying groundwater systems, as discussed in
more detail in sections 2.4, 3.4,4.4, and 5.5 below.

2.2.3 Vege ta t ed Soil Cover. During active operations at the S i t e by PCV
and Noranda, ta i l ings were slurried to the S i t e , using some 60 gal lons of water per minute
under normal operations. When Noranda ceased operations in 1982, the tai l ings pond was,
for the most part , f u l l of water and was too s o f t and unstable to get onto the impounded
ta i l ings with heavy equipment. Star t ing in 1983, United Park began p lac ing soil cover on
t a i l i n g s outside of the impoundment, located in the three low areas south of the south
diversion ditch (See Figure 2.0). By 1985, the t a i l i n g s impoundment had dried out enough
in certain areas to support heavy equipment and United Park began i n s t a l l i n g soil cover
material over those portions of the ta i l ings impoundment using soil f rom both the Park City
area and from within the Property. The soil cover consists of clay-rich soil, with kaol ini te
being the predominant clay mineral (Weston, 1999 at 4).

The soil cover was i n s t a l l e d at that time in large part to prevent prevai l ing
winds f rom cutt ing into the cone-shaped t a i l i n g s f ea ture l e f t at the S i t e by previous
operators. United Park focused its initial e f f o r t s on p l a c i n g soil cover around the cone-
shaped ta i l ings f ea ture to eliminate the p o s s i b i l i t y of wind-blown ta i l ing s from leaving the
impoundment. Several f e e t of cover were required in areas around the cone-shaped
f ea tur e in order to provide for a reasonable f i n a l grade of the impoundment. By 1988,



work around and on the cone-shaped ta i l ing s f ea ture had been comple ted and other areas
of the ta i l ing s had begun to dry out enough to support additional work. United Park then
began a more aggressive program to cover all exposed tailings. Drought conditions during
the early 1990s created s u f f i c i e n t l y stable conditions to allow United Park to comple t e the
soil cover, even on areas that had contained, at tunes, ponded water. At least 12 inches of
low-permeabi l i ty, clay cover material is in place in the north-west area of the impoundment
where ponded water occurred. Currently, there are no areas of exposed ta i l ing s material on
the S i t e . The soil cover is also vegetated large ly due to United Park's e f f o r t s to re-seed the
area with a p p r o p r i a t e p lant species.

The purposes of the soil cover are to prevent direct contact with the t a i l i n g s
material, to prevent ta i l ing s from becoming wind-borne, and to minimize the i n f i l t r a t i o n of
surface water into the tai l ings materials. Although United Park believes the existing soil
cover is s u f f i c i e n t to protect human hea l th and the environment, United Park intends to
confirm the lateral and vertical extent of the existing soil cover and will evaluate the need
for fur ther remedial measures on the soil cover. T h i s is f ur th er described in more de ta i l in
section 5.1, below.

2.2.4 Diversion Ditches. A diversion ditch system borders the north, south,
and east sides of the impoundment to prevent runo f f from the surrounding land from
entering the impoundment (See Figure 2.0). Prec ipi ta t ion f a l l i n g on the impoundment area
creates the l imited volume of seasonal surface water that can be seen on the S i t e . The
north diversion ditch c o l l e c t s snowmelt and storm water r u n o f f f r om u p s l o p e , undisturbed
areas north of the impoundment and carries it in an easterly direction towards the
upstream origin of the south diversion ditch. An unnamed ephemeral drainage to the
southeast of the impoundment also enters the south diversion ditch at thi s point.
A d d i t i o n a l water enters the south diversion ditch from other areas lying south of the
impoundment at a point near the southeast corner of the diversion ditch structure (See
Figure 3.3). T h i s water consists of spring snowmelt and storm water r u n o f f . Water in the
south diversion ditch f l o w s f rom east to west and u l t i m a t e l y empt ie s into S i l v e r Creek ju s t

8



upstream of Highway 189 near the north border of the Property. A l t h o u g h a discrete f l o w
of water from the south diversion ditch to S i l v e r Creek is maintained only during the higher
water periods of the year.

In 1992 and 1993, United Park reconstructed the south diversion di t ch by
decreasing the s lope of its banks from nearly vertical to a more gradual s lope. U n i t e d Park
also placed a clay soil cover over the re-sloped banks of the south diversion di t ch, down to
and inc luding areas of the banks underwater. The new banks were then seeded with
appropr ia t e varieties; pre s en t ly , the existing di tch banks are vegetated. United Park did
not disturb the bot tom of the di t ch bed. Since doing this work, surface water qua l i ty da ta
has shown marked improvement from year to year and the downward trend in metal s
content measured in the surface water continues to this day (See Figure 3.2a). In May of
1999, United Park reconstructed the north diversion di tch along its entire length. United
Park intends to continue to collect surface water qual i ty and sediment characterization data
from the south diversion ditch system, as described in more de ta i l in section 5.4, below.

2.2.5 Fencing. In the mid 1980s, United Park i n s t a l l e d a f ence along most of
the Property boundary, including the entire impoundment and much of the proper ty south
of the impoundment in order to restrict and control access to the S i t e . Uni t ed Park
maintains the f ence in good repair and United Park intends to continue to do so to control
access to the S i t e until such time as l imited access is no longer necessary, consistent with
Property redevelopment.

2.3 Regional G e o l o g y
The Property lies within the Park City East Geologic quadrangle map as

recorded by the U.S. Geologi c Survey (See Figure 2.1). Geologic maps at a scale of
1:24,000 compiled by Cri t t enden and others (1966) and by Bromfie ld and Cri t t enden
(1971) cover this and nearby quadrangles. Bryant (1990) provides a regional 1:100,000-
scale map of the area.



The Property is located within a complex f o l d and thrust belt that was la t er
intruded and overlain by volcanic rocks. Sedimentary bedrock near the Property, dated in
the Paleozoic to Mesozoic period in age, is overlain by a thick layer of extruded volcanic
rock, d ip s approximate ly 25 to 60 degrees to the north, and strikes general ly northeast-
southwest (Cri t t enden and others, 1966; Bromfie ld and Cri t t enden, 1971). The Ter t iary
gravels and volcanic rocks unconformably overlie Mesozoic sedimentary rocks. No known
f a u l t s exist near the S i t e .

T a i l i n g s on the S i t e lie on top of a l l u v i a l / c o l l u v i a l sediments that are 30 to 50
f e e t in d e p t h and are the product of the erosion of the adjacent and underlying volcanic
extrusives. Review of borehole data indicates that these sediments are comprised of:

• Two to f ive f e e t of s o f t , organic and clay-rich topsoi l
• One to 30 f e e t of various mixtures of f ine-grained si l t and clay
• Four f e e t of sand and gravel
• Variable thickness of highly-weathered, volcanic breccia composed of

relat ively s o f t , t ight, sandy and s i l ty clay, grading to moderately hard,
s l i g h t l y to moderately fractured volcanic rock.

2.4 Regional H y d r o g e o l o g y
Hydrogeo logy in the area is characterized by shallow alluvial aquifers located

in f ine-grained, alluvial and colluvial material, and the deeper, Si lver Creek Breccia
bedrock aquifer located in the K e e t l e y volcanics. Bromfield and Crit t enden (1971)
describe this unit of the K e e t l e y volcanics as consisting of intermediate laharic breccias
with less common f l o w breccias and interlayered tuffs. In the subsurface, the weakly
consolidated Silver Creek Breccia is interlayered with sedimentary rocks. These
sedimentary layers are more numerous toward the base of this unit and consist of quartzite,
limestone, s i l t s tone, and shale.

The shallow aquifers are generally encountered from f i f t e e n to thirty f e e t
below the ground surface, in confined and unconfined conditions, and located in gravelly
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clay. Fine-grained , s i l t y clays cover the top aquifer, and clay and si l t separate the shal low
aqui fer s f rom each other. The shal low aqui fer structure appears to be consistent f rom
south of the S i t e to Si lver Creek on its northwest border.

Recent exploratory d r i l l i n g (designed to better assess groundwater resources
for private e n t i t i e s ) about 1.5 miles northwest of the Property indicate s that the paragene t i c
re la t ionship between the Tert iary volcanic rocks and associated sediments are complex.
W e l l s located approximate ly three miles northwest of the Property in Sect ions 16 and 22,
Township 1 South, Range 4 East, Salt Lake Base and Meridian ( S L B & M ) either f l o w e d to
the surface f o l l o w i n g comple t ion or had shallow s ta t i c water. The s e we l l s indicate that
confined to semi-confined aquifers comprise both shallow and deeper a q u i f e r ( s ) within the
Tert iary volcanic rocks and deeper associated sediments. Pump t e s t ing and monitoring of
water l eve l s in local wel l s that tap both the shallow and deeper aquifers indi ca t e no
apparent hydraulic communication between the shal low and deeper Tert iary volcanic rocks
and associated sediments (Pers. Comm. T o d d J a r v i s , S e p t e m b e r 1999).

The hydraulic conductivity, e f f e c t i v e transmissivity, saturated thickness, and
e f f e c t i v e poros i ty for the Tert iary volcanic rocks and associated sediments were derived
from nearby wells . Control l ed aquifer test data are available for we l l s located in S e c t i o n s
16 and 22, Townsh ip 1 South , Range 4 East, S L B & M . Analys i s of data co l l e c t ed f rom the
well indicate s that near-well transmissivities approach 110 to 310 f t 2 / d a y with lateral
variations in aqui f er permeabi l i ty that both increase and decrease the aquifer's
transmissivity (Wes t on , 1999). For example, Park City Municipal Corporat ion (PCMC)
recently in s ta l l ed a test well in the southeast corner of Sec t i on 34, Townsh ip 1 S o u t h ,
Range 4 East, approximate ly one mile northwest of Property. The well was spudded on the
weathered K e e t l e y Volcanics with the underlying Thaynes Limestone as the targeted
aquifer. However, the Thaynes Limestone was not encountered at the f i n a l d r i l l e d d e p t h
of 1,000 f e e t . W h i l e the exploratory boring developed water from the frac ture s in the
unweathered K e e t l e y volcanic rocks, the quantity of water that reasonably could be
deve loped from the K e e t l e y Volcanics at this location was between 100 to 200 gpm with
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long-term drawdown estimated at 250 to 300 f e e t ( s p e c i f i c capaci ty = 0.33 to 0.4 gpm per
foo t of drawdown or a transmissivity of 30 to 50 ft2 / d a y ) . T h i s yield was cons iderably less
than the quantity desired by PCMC for a municipal water s u p p l y , and the well remains
unused (Hansen, A l i e n & Luce, 1996, l e t t e r report to P C M C ) .

G e n e r a l l y speaking, the hydraulic gradient s in the sha l l ow aqui f er s roughly
p a r a l l e l t opography (i.e., from South to N o r t h ) except near the southern boundary of the
ta i l ing s embankment, where the diversion ditch causes the f l o w to change to the northwest
(Wes ton , 1999 at 6). Thi s northerly bearing orientation of the hydraulic gradient is
consistent with regional trends mapped by Brooks and others (1998). Based on the
artesian f l o w observed during the course of d r i l l i n g the previously described we l l s located
north of the Property, the unconsolidated sediments in this area have a low vertical
permeabi l i ty and local semi-confined to confined conditions (Pers. Comm. T o d d J a r v i s ,
S e p t e m b e r 1999).

2.5 S u r f a c e W a t e r
S u r f a c e water is present at the S i t e hi four areas in and around the S i t e .

F i r s t , Si lv er Creek f l o w s along the west edge of the Property, over 500 f e e t f rom the main
embankment. Second, the drainage ditch system surrounding the ta i l ing s impoundment
s easonally co l l e c t s runo f f water f l o w i n g towards the impoundment and redirects it around
the impoundment and into Si lver Creek. T h i s diversion ditch system also includes a pond
in the southwestern portion of the S i t e and a ditch traversing the h i l l s i d e north of the S i t e .
S u r f a c e water is also present in the form of ponded water in the northwestern area of the
impoundment, having ponded over the clay soil cover over the impoundment. F i n a l l y , very
small quantities of surface water are present in the form of a seep located near the base of
and near the north end of the main embankment.

Consideration of the f a t e and transport of the surface waters mentioned
above is necessary to understand any impact that the S i t e may have on surface water
qual i ty in the area, including Si lver Creek. Because ponded water on the impoundment is
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derived s o l e l y from p r e c i p i t a t i o n f a l l i n g d ire c t ly on the impoundment , the volume of
ponded water varies from year to year. Ponded water f o l l o w s several pathways or po s s i b l e
f a t e s from the impoundment. Nearly all water loss can be at tributed to evaporation and
plant use within the pond. A small amount of the ponded water perco la te s through the
underlying, low p e r m e a b i l i t y soil cover and into the tai l ings. The ponded water never
leaves the impoundment as a discrete surface f l ow .

The north diversion ditch (which f l o w s west to ea s t) discharges into an area
east of the impoundment where water may u l t i m a t e l y enter the south diversion di tch
system (which f l o w s east to west) into a pond and u l t i m a t e l y towards S i l v e r Creek. In the
spring, surface water in the south diversion di t ch has enough f l o w to sustain a discrete f l o w
to Si lver Creek. In the later summer when water f l o w s are the lowest, the water f l o w i n g
from the diversion ditch is d i f f i c u l t to trace to Si lver Creek as a discrete f l ow . It is l i k e l y
that some of the diversion ditch water evaporates and is taken up by p l a n t s . The south
diversion di tch generally s tops f l o w i n g only in the late summer or fall on the easternmost
end of the ditch only. The south diversion ditch, however, never c o m p l e t e l y dries out so it
does not appear that diversion ditch water i n f i l t r a t e s into the ground. Wes ton reports that
the diversion ditch serves as a hydraulic sink and may intercept groundwater ( W e s t o n 1999
at 7). For this reason, it appear s that late-season f l o w in the south diversion ditch is
comprised of groundwater intercepted by the ditch.

Water from the small seep at the base of the main embankment f l o w s at a
very l imited rate, in the range of ga l lons per day. The exact f l o w rate has not been
measured and cannot be calculated without s t r i p p i n g s igni f i cant amounts of vegetation and
organic matter from around the seep area and i n s t a l l i n g a drain to collect the di spersed
f l o w . However, it is clear that due to the low volume of water, a discrete f l o w is not and
cannot be maintained long enough to reach Silver Creek, over 500 f e e t away. The small
amount of water discharging from the seep is l ik e ly utilized by the surrounding vegetation
or may evaporate.
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3 . 0 P R E V I O U S S I T E I N V E S T I G A T I O N S
Since the 1970s, P C V , Noranda, EPA, and United Park have conducted

numerous environmental investigations re la t ing to the S i t e . Beginning in the 1970s, PCV
conducted groundwater, tai l ings pond, and embankment design s tudies that focused on the
construction of containment structures that would accommodate addi t i onal ta i l ings . In
1980, Noranda conducted studies to determine the current condition of the impoundment
and the po t ent ia l for future enlargement of the impoundment. In the 1980s and early
1990s, EPA conducted studies of groundwater, surface water, and air quality to determine
whether S i t e contaminants posed s u f f i c i e n t l y high threats to human h e a l t h or the
environment to require l i s t ing of the S i t e on the National Priorities List ("NPL"). United
Park ini t ial ly conducted studies in response to EPA's proposal to list the S i t e on the N P L .
More recently, United Park has obtained data focus ing on the characterization of S i t e
hydrogeology and surface water quality.

EPA has proposed l i s t ing the S i t e on the NPL on two occasions. In 1988,
EPA proposed l i s t ing the S i t e on the NPL based on the Site's Hazardous Ranking Sys t em
( " H R S " ) score. A f t e r considering publ i c comments, EPA ul t imat e ly declined to l i s t the
S i t e . By 1992, the HRS scoring system had been revised. At that time, EPA rescored the
S i t e and again proposed that the S i t e be placed on the NPL. Based on the new proposal to
l i s t the S i t e , the EPA Emergency Response Branch (ERB) conducted addi t ional
investigations on the S i t e and determined that conditions did not warrant emergency
removal action. In 1994, the Agency for Toxic Subs tance s and Disease Registry (ATSDR)
in their "Preliminary Public H e a l t h Assessment Addendum on the Richardson Flat
Tail ings" found that the S i t e posed "no apparent pub l i c heal th hazards due to past or
present exposure." T h e y d id , however, consider Richardson Flat an "indeterminate p u b l i c
hea l th hazard" in the fu ture due to the po t en t ia l for res idential development on or near
areas where s ignif icant l eve l s of contamination may be found. United Park's fu ture land
use p l a n includes provisions that res idential development will not occur in these areas.
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The EPA has yet to l i s t the S i t e on the N P L , but the Site's l i s t i n g on
C E R C L I S remains in e f f e c t . Whi l e no formal regulatory action has occurred with respect
to the S i t e since the second proposed l i s t ing , United Park has continued its e f f o r t s to
investigate and close the S i t e by improving the soil cover, maintaining the diversion d i t che s ,
and c o l l e c t ing surface water and groundwater data.

This section summarizes past inves t igat ion activities and exist ing S i t e data.
The reports and data from these investigations are very useful in determining the scope of
additional investigative activities needed to bring f ina l closure to the Si t e . From 1985 to
1988 and from 1992 to 1993, the EPA conducted and reported on inves t igations at the S i t e .

Because past invest igation activities by PCV, Noranda and Uni t ed Park were per formed
without EPA oversight, the result s from such invest igations will be evaluated as part of, and
incorporated as appropr ia t e into, the Focused RI/FS.

3.1 Air Moni t or ing I n v e s t i g a t i o n s
Due to concerns over wind-blown ta i l ing s r e su l t ing f rom the cone-shaped

ta i l ings f ea tur e created by past operators, EPA conducted air monitoring inves t igat ions on
two separate occasions. Due to United Park's subsequent placement of the full, vegetated
clay soil cover, data f rom these inves t igat ions are no longer d i r e c t ly relevant but are
reported here to support United Park's proposed study of o f f - S i t e wind blown ta i l ing s .

In 1985, when approximate ly 40 percent of all of the t a i l ing s on the Property
had been covered with the soil cover, Ecology and Environment, Inc. ("E&E"), a contractor
working for EPA, co l l e c t ed S i t e air data. Four high volume air sampler s were located on
or immediate ly adjacent to the ta i l ing s impoundment and one was located approx imate ly
one-half mile southeast of the S i t e . Data were collected at the S i t e over a f ive-day period
and the f i l t e r s from the samplers were analyzed for arsenic, cadmium, lead and zinc. A
meteorologic s tation was i n s t a l l e d at the S i t e and wind direction, air temperature,
barometric pressure and relative humidity data were collected. The prevai l ing wind
direction measured at that time was from the northwest to southeast (E&E, 1987 at 3).
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According to E&Es analytical data , increases were noted for all metal s
measured in downwind versus upwind monitoring locations. Review of the data in T a b l e 1
of the 1987 E&E report shows that 52% of arsenic, 92% of cadmium, 17% of lead and 14%
of zinc measured on the air f i l t e r s at the S i t e were below the l a b o r a t o r y ' s de t e c t ion l imit s .

E&E again conducted air monitoring in 1992 at f ive locations. The
in s ta l la t i on of the cover within the impoundment had progressed to the point where all of
the exposed tai l ings had been covered, with the exception of one area of t a i l ing s where salt
grass and other native plant species were growing and had stabilized the tailings. These air
monitoring activities showed no d e t e c tab l e level s of arsenic, cadmium or lead. Trace l ev e l s
of zinc were detected in four of the seventeen samples col lected. There are no ambient air
quality s tandards for zinc. The significant reduction in the concentration of target analytes
from these two air-monitoring programs can be explained by United Park's e f f o r t s to cover
the remaining areas of the impoundment. Since 1992, all of the exposed ta i l ings in the
impoundment have been covered, including the area where salt grass was growing.

3.2 T a i l i n g s Cover Inve s t i ga t i on s
As part of the EPA ERB investigations in 1992, E&E conducted a survey of

the d e p t h of soil cover. E&E measured the d e p t h of cover at 29 locations on a grid pat t ern
of 400 x 400 f e e t . These locations are depicted on Figure 2, A p p e n d i x B. According to the
E&E report (E&E, 1992at 4), a visual contrast was apparent between the soil cover and
the gray colored ta i l ings beneath the cover. X-ray fluorescence ("XRF') measurements for
lead were taken at select locations to confirm the visual contrast where the d i s t inc t ion was
not clear (see A p p e n d i x B, T a b l e 1, for the soil cover data). E&E reported that much of
the tailings either had soil or salt grass covering the exposed tailings. General ly, data from
the 1992 study shows that the soil cover varied in thickness f rom less than six inches up to
four t e en inches in d e p t h in the areas E&E tested. E&E did not test areas of thick cover,
where as much as three f e e t of cover were present. Of the 29 points E&E measured, only
one location had no soil or salt grass present. Subsequent to E&E's work, United Park has
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plac ed addi t ional soil cover in this and other areas of the impoundment to improve the
ta i l ings cover and support S i t e closure.

As part of the recent hydrogeologic inves t igat ion by Wes t on (as discussed in
section 3.4, below), data were collected on the soil characteristics of the ta i l ings cover.
S a m p l e s of the ta i l ing s cover soil were tested to determine c l a s s i f i c a t i o n and hydraulic
characteristics. S o i l cover samples were co l l e c t ed from three representative locations over
the S i t e and were tested for moisture content and dry density. Based on this t e s t ing , the
soil cover was c la s s i f i ed as lean clay with sand. Two of the three sample s were also
submitted for laboratory analysis to determine permeabi l i ty. Laboratory t e s t i n g indicated
that the cover soil is highly impermeable, with permeabi l i t i e s ranging from 3 to 7 x 108

cm/sec. The s e values roughly correspond to permeabi l i t i e s t y p i c a l l y measured in clay liner
systems that are required to be ins tal l ed at hazardous waste l a n d f i l l s . X-ray d i f f r a c t i o n
("XRD") analysis of select sample s indicated that the soil cover clay mineralogy c lo s e ly
matched the XRD peaks for i l l i t e and kaolinite. K a o l i n i t e was the most prevalent clay
mineral and it is s table with l i t t l e tendency for volume change when exposed to water.
Illite is general ly more p l a s t i c than kaolinite and does not expand when exposed to water
(Wes ton 1999 at 4).

3.3 S t u d i e s o f T a i l i n g s I m p o u n d m e n t I n t e g r i t y and S t a b i l i t y .
In 1974, PCV hired Dames & Moore to conduct an invest igation of the S i t e

and to d ev e l op construction spec i f i ca t ions for reconstruction of the embankment in order
to accommodate the placement of addi t ional tai l ings materials. Whi l e PCV raised and
reconstructed the embankment and ins ta l l ed the containment dike system, according to
subsequent work per formed by Dames & Moore for Noranda, PCV did not appear to
f o l l o w the design spe c i f i ca t i ons developed by Dames & Moore. In 1980, Dames & Moore
conducted an impoundment integri ty and s t a b i l i t y inves t igation for Noranda, the then-
current operator of the Richardson Flat ta i l ings impoundment. The objec t ive of that
investigation was to assess the overall condition and use fu lne s s of the existing f a c i l i t i e s and
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to determine what measures would be required for long-term ta i l ing s d i spo sal (Dames &
Moore 1980 at 1). Dames & Moore noted several construction f l a w s during the 1980
invest igation, s p e c i f i c a l l y noting that the main embankment was oversteepened in some
locations. Dames & Moore concluded that while it did not have any immediate concerns
regarding the s t a b i l i t y of the main embankment and containment dikes, it did have
concerns regarding the use of the S i t e to dispose of addi t ional tai l ings.

In 1992, E&E examined the ta i l ings impoundment for EPA. A l t h o u g h E&E
noted that the main embankment generally was not constructed according to the 1974
recommendations of Dames & Moore, E&E concluded that there appeared to be no
immediate threat of gross f a i l u r e of the ta i l ing s containment structure.

3.4 Groundwat er Inve s t i ga t i on s
In the early 1970s, PCV began to collect groundwater data at the S i t e . Since

that time, both EPA and United Park have inves t igated groundwater conditions at the S i t e .
In 1973, PCV ins ta l l ed three monitoring wel l s ( M W - 1 , MW-2 and M W - 3 ) at the bottom of

the main embankment. In 1976, PCV i n s t a l l e d three add i t i onal w e l l s (MW-4, MW-5, MW-
6). Figure 3.3 shows the well locations. It appears that PCV buried monitoring well MW-2
in 1976 during i n s t a l l a t i o n of the three new well s . Thus , f iv e groundwater monitoring w e l l s
are located near the toe of the embankment. The boring and well c ompl e t i on logs for
these f ive wel l s can be found in A p p e n d i x D and are summarized below.

• MW-1 was dr i l l ed to a d e p t h of 35 f e e t below the ground surface ("bgs").
Bedrock was encountered from 14.5 f e e t bgs to the total d e p t h d r i l l e d . W e l l
screen and gravel pack were ins tal led f rom 24 to 34 f e e t bgs.

• MW-2 was d r i l l e d to a d e p t h of 21 f e e t bgs; bedrock was encountered from
11 to 21 f e e t bgs. W e l l screen and gravel pack were in s ta l l ed f rom 3 to 9.5
f e e t bgs. ( T h i s well was destroyed during the in s ta l la t i on of MWs-4 through
6 in 1976).
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• MW-3 was d r i l l e d to a d e p t h of 29 f e e t bgs; and bedrock was encountered
from 5.8 to 31 f e e t bgs. W e l l screen and gravel pack were i n s t a l l e d f rom 2.5
to 25 f e e t bgs.

• MW-4, MW-5, and MW-6 were d r i l l e d to 4.0 f e e t , 6.1 f e e t and 6.1 f e e t bgs,
respectively. Boring and comple t ion logs for these w e l l s are not available.

Since 1973, PCV, and later, United Park, have col lec ted data quarterly f rom
these embankment wells. T a b l e 3.2 presents groundwater data collected by United Park
f rom 1982 to 1987 and 1991 to 1998 from these monitoring wel l s . 1 Data presented in T a b l e
3.2 shows that the water quality has s t eadi ly improved in the monitoring we l l s g e n e r a l l y
over time. However, there are some anomalies that are readily apparent. For instance, in
S e p t e m b e r of 1998, pH leve l s between 2.7 and 4.1 were noted for MW-4 and MW-5,
respec t ive ly. A l t h o u g h these are r e la t ive ly low pH values and could be indicative of a
change in water chemistry in these two we l l s , it is intere s t ing to note that dis solved zinc
concentrations measured in MW-4 for the same tune period were an order of magnitude
lower than for the measurement in June of 1998 when the pH was 7.1 In MW-5, the
dissolved zinc concentrations were similar between J u n e and S e p t e m b e r of 1998 and the
pH values were 7.7 and 4.1, respectively. Both of these wel l s are completed within the f i r s t
six f e e t of the ground surface. Thus , it is l i k e ly that the water that is monitored here is
vadose zone water that is highly oxidigenated. The oxidigenated water will have a highly
variable water chemistry d ep end ing on the hydrogeologic characteristics of the subsurface
soils. A de f in i t iv e trend in the water chemistry is not apparent . As part of add i t i ona l
s tudies planned for the S i t e , United Park will review the historical data and determine the
su i tab i l i ty of well s MW-4, MW-5 and MW-6 as groundwater monitoring well s . In 1985,

1 Groundwater data from the main embankment we l l s for the years 1988 to 1990
are not readily available to United Park and as a result are not reported herein.
United Park is a t t e m p t i n g to locate data from 1988 to 1990, if it is l o cated, and will
report it as part of the RI/FS Report, discussed below.
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E&E co l l e c t ed groundwater sample s f rom one upgradient well and two we l l s located
downgradient of the main embankment.2 E&E i n s t a l l e d the upgradient RT-1 monitoring
well. The two downgradient wel l s were exi s t ing wel l s i n s t a l l e d by PCV around 1974 and
1975.3

In 1992, EPA hired E&E to conduct an addi t ional groundwater inves t igat ion.
The 1992 groundwater data co l l ec ted revealed a similar trend as shown in the 1985 E&E

study. E&E col lec ted groundwater sample s from the S i t e at three locations, referred to as
RF-GW-04 (EPA well RT-1), RF-GW-05 (United Park location M W - 1 ) and RF-GW-09
( U n i t e d Park locat ion MW-6). T a b l e 3.3 compares the data c o l l e c t e d by EPA in 1984 and
1992 with data co l l ec ted from the same wel l s by United Park in 1998. Review of the da ta
col lec ted f rom RT-1 in 1984 and 1992 reveals that water quali ty appears to have
deteriorated at this location over time. Some dissolved metal concentrations have
increased from 1984 to 1992. The 1992 data contains some anomalies that suggest ei ther
the sample was contaminated or there were some analytical errors; dissolved metal

2 According to the E&E sampling report, United Park we l l s MW-1 and MW-2
were sampled. However, this was not the case: MW-1 was most l ike ly sampled and
MW-5 or MW-6 were sampled since MW-2 was believed to have been buried during
the in s ta l la t i on of MW-4, MW-5 and MW-6 (see Pla t e 1, A p p e n d i x A). U n i t e d
Park's 104(e) response to EPA in 1988 did not contain data for MW-2. The data
record submitted to EPA covered the time period from 1982 to 1987. T h e r e f o r e ,
E&E could not have sampled MW-2 at that time.
3 While E&E compared the upgradient and downgradient metals concentrations
in order to determine if the tail ings materials were impacting groundwater beneath
the impoundment, comparison of this data is not appropr ia t e . Further analysis of
the well comple t ion logs for RT-1 and MW-1 compared to the total d e p t h of we l l s
MW-5 or MW-6 reveals that RT-1 was screened in both the upper and lower
shallow aquifers. MW-1 is screened in the bedrock aqu i f e r and well s MW-5 and
MW-6 are screened in the vadose zone. Comparing data f rom these we l l s is not
accurate since all the wel l s are completed in d i f f e r e n t aquifers. E&E reported that
downgradient metals concentrations were elevated as compared to upgradient
concentrations. However, in 1985, only manganese exceeded National Interim
Primary (NIP) drinking water standards. (E&E 1985).
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concentrations are greater than the total for antimony, copper, and silver. The change in
water chemistry over the eight-year time period is d i f f i c u l t to e xp la in at thi s time. The well
is comple ted in two aquifers , and thus, there is l i k e l y a mixing of water between the two
water bearing zones. During site visits in early 1999, it had been observed that the
wellhead integri ty had been compromised, a p p a r e n t l y by vandals. It is not known if this
damage had occurred in 1992. As a result, surface contamination may have impacted water
quality. The well was ins ta l l ed by E&E in 1984, and there fore , is the proper ty of the EPA.
United Park does not sample this well. United Park believes that the well should be

abandoned according to proper procedures because of the intermixing of the two aqui fer s
and the breach in the wellhead integrity.

In 1999, United Park hired Weston Engineering, Inc. ("Weston") to conduct
a supp l ementa l hydrogeological invest igation of the S i t e . Thi s study represented the most
extensive groundwater inves t igation conducted to date to be t ter understand groundwater
systems on the Property. Wes t on evaluated historical S i t e and regional data to derive a
hydrogeological conceptual S i t e model (see A p p e n d i x A). In the course of its invest igation,
Wes ton also in s ta l l ed eleven add i t i ona l piezometers throughout the Property (see P l a t e 1,
A p p e n d i x A). Boring logs from the piezometer i n s t a l l a t i o n ver i f i ed the existence of two
aqui fer s associated with the Property. Water level data co l l ec t ed from the piezometers
indicate s that the two aquifers are confined and are separated from one another by a
s igni f i cant layer of s t i f f , clay-rich material. The upper aqu i f e r is overlain by a p p r o x i m a t e l y
15 f e e t of reddish-brown mixtures of s i l t and clay. An addi t i onal two to f iv e f o o t layer of
clay-rich soil overlies this layer of clay-rich material (Wes ton , 1999, at 4). The local
geology has greatly inf luenced the types of soils that have developed on the Property. The
altering and weathering of K e e t l e y volcanics, which form the surrounding h i l l s , have
provided the source material for soil development. The abundant clays that result f rom the
alteration and weathering of the K e e t l e y volcanics form the bulk of the natural a l luvial
material as well as the soil within the Property. Percolation tests conducted on this
volcanic soil that was borrowed to cover the ta i l ing s within the impoundment indicates that

21



it has very low permeabi l i ty, 3 to 7 x 10"8 cm/sec. Water level data co l l e c t ed a f t e r the
in s ta l la t i on of the piezometers and subsequent water level measurements indicate that the
water l eve l s in the two aquifers varies seasonally, with higher water l eve l s occurring in the
Spring.

The data reported by Wes ton was not available to earlier S i t e inspection
teams and other agencies that previously evaluated the S i t e . S t u d i e s by Dames & Moore
i d e n t i f i e d the presence of clays in the naturally-occurring material at the S i t e . It was not
until Weston's investigation that the extent and significance of the natural clay material
underlying the Property was known. The existence of two to f iv e f e e t of clay-rich topsoi l
and the presence of the large area of silt and clay that overly the upper aquifer represent a
s ignif icant barrier to the vertical migration of any water from saturated tailings.

3.5 Inve s t i ga t i on s of S u r f a c e Water Qual i ty
United Park has collected surface water quali ty data at the Si t e since 1975.

Data from 1982 to 1988 are presented in T a b l e 3.1. S a m p l e s were collected f rom locations
upstream and downstream of the confluence of the south diversion ditch with Silver Creek.
Also, samples were co l l e c t ed from water that runs in the diversion ditch as it passes
through the S i t e . Figure 3.1 shows the sample locations.

A review of the historical and recent data from these three sampl ing point s
demonstrates that since the time that United Park's re-grading and covering of the banks of
the south diversion ditch (1992-1993), water quali ty has s t ead i ly unproved both in the south
diversion ditch at the point where it leaves the S i t e and in Silver Creek below the S i t e (See
Figures 3.2 and 3.2a). The data also demonstrates that al though some metals are present
in upgradient areas in the south diversion ditch, by the time the water discharges to S i l v e r
Creek, metal level s have decreased s igni f i cant ly .

In 1999, United Park initiated a surface water sampling program designed to
characterize water chemistry in the south diversion ditch and Silver Creek near the S i t e .
T a b l e 3.4 presents the data collected in 1999; Figure 3.3 shows the 1999 sample locations;
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and T a b l e 5.2 l i s t s the analytical parameters that were measured in surface waters in and
around the S i t e . S a m p l e s were co l l e c t ed at eleven locations in May and June of 1999
during the spring snowmelt and runo f f season (designated RF-1 through RF-10 on Figure
3.3). S a m p l e s were collected and analyzed for f u l l suite parameters as shown in T a b l e 5.2
at RF-1 and RF-3 (See Figure 3.3) on the unnamed drainages that f l o w into the south
diversion ditch. S a m p l e s were co l l e c t ed in May and J u n e of 1999 at RF-2, RF-4, RF-5
and RF-6 on the south diversion ditch. S a m p l e s RF-2 and RF-6 were analyzed for full
suite parameters and RF-4 and RF-5 were analyzed for total and dissolved metals.
S a m p l e s RF-7, RF-7-2, RF-8 were co l l e c t ed f rom S i l v e r Creek and analyzed for full suite
parameters. Location RF-9 is the ponded water that exists on the ta i l ing s impoundment
this sample was analyzed for f u l l suite parameters. S a m p l e location RF-10 represents
background water quality from the south unnamed drainage near the county road along the
eastern boundary of the site. RF-10 was sampled one time and will not be s ampl ed in the
fu ture . S a m p l e locations RF-3 and RF-3-2 will r ep lace RF-10. S a m p l e s were co l l e c t ed
monthly at three locations (RF-6, RF-7-2 and RF-8) f rom July to November of 1999. Full
suite analyses consisted of major cations and anions, metals and f i e l d parameters. Targe t
metal s were arsenic, cadmium, chromium, copper, l ead , mercury, selenium, silver and zinc.

F i e l d parameters were f l o w , pH, conductivity and temperature.
T a b l e 3.4 presents the 1999 data in three categories. The f i r s t category

compares the data to aquatic w i l d l i f e criteria, the second category gives the general water
chemistry data, and the third category compares the data to water qual i ty s tandards for a
Clas s 1C stream (this is the c la s s i f i ca t i on for Silver Creek). The aquatic w i l d l i f e standard
is based on hardness in the water. T h e r e f o r e , the standard will have a d i f f e r e n t value
d e p e n d i n g on hardness at each location. Metal data presented in the f i r s t category are
compared to hardness-dependent aquatic w i l d l i f e criteria. Protection of Aquat i c W i l d l i f e
Criteria is the most stringent regulatory standard for comparison purposes. In other words,
if the metal concentration is less than the aquatic w i l d l i f e criteria, then that metal
concentration will be less than the a p p l i c a b l e water qual i ty standard. Examination of the
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f i r s t category of data presented in T a b l e 3.4 reveals that for all of the metal s measured only
zinc and mercury exceed the aquatic w i l d l i f e criteria. Zinc exceeds both the acute and
chronic criteria in sample s co l l e c t ed upstream in S i l v e r Creek (RF-7 and RF-7-2) and
downstream ( R F - 8 ) of the south diversion ditch confluence. Zinc concentrations
measured in the diversion di tch (RF-6 and RF-6-2) are well below the aquatic w i l d l i f e
criteria.

Mercury concentrations measured in 1999 were all below the laboratory
detection limit of 0.0005 mg/1 at all of the sample locations. The acute aquatic w i l d l i f e
criteria is 0.0024 mg/1 and the chronic criteria is 0.000012 mg/1. T h e r e f o r e , measured
mercury concentrations were below the acute criteria. EPA recently promulgated
laboratory method 1631 that e s tab l i she s a standardized procedure to measure mercury at
the 2-3 part per tr i l l ion range.

4.0 PRELIMINARY SITE MODEL
Based on previous and current environmental studies and existing S i t e

condit ions, Respondents have developed a preliminary model of the S i t e . A Conceptual
S i t e Model will be developed in coordination with EPA's toxicologist using in format i on
presented in the preliminary site model. The Conceptual S i t e Model will also be used to
assist in the evaluation of the appropria t ene s s of the existing remedies and, to the extent
necessary, in the development of addit ional remedial measures to support f i n a l S i t e
closure. The preliminary site model has been developed to portray exist ing site conditions
and more recent data and information that have been deve loped by United Park. The
prel iminary site model is described below and g r a p h i c a l l y portrayed in Figure 4.0, and will
be used to evaluate the need for additional S i t e characterization work to be per formed as
part of the Focused RI/FS. A f t e r the Conceptual S i t e Model is derived, it will be updated
and re f ined as add i t i onal data are gathered during the Focused RI and, with input f rom
EPA, will be used to support EPA's preparation of the baseline risk assessment.

24



4.1 The T a i l i n g s I m p o u n d m e n t
The ta i l ings impoundment can be visualized as a semi-rectangular shaped,

geometrical ly closed basin, with a man-made main embankment on the west edge and
perimeter containment dike system along the south and east sides and a s l o p i n g natural
surface f orming the f our th side. See Figure 2.0. The main embankment is located along
the western dimension of the impoundment. The ta i l ing s impoundment structure i s o la t e s
and contains variably thick, slimy and sandy mill ta i l ing s materials. The impoundment is
covered with high clay-content, vegetated soil. The ta i l ing s have been depo s i t ed on thick
layers of native, clay-rich soils. M e t a l s present in the ta i l ing s material are the primary
pot ent ia l sources of contaminants at the S i t e . Geochemical data co l l e c t ed during air
monitoring conducted in 1984 by E&E for the EPA characterize the ta i l ing s as metal
s u l f i d e materials. Such compounds, when found in a neutral pH environment such as exist s
at the S i t e , are not easily degraded and are par t i cu lar ly s table. As a p p r o p r i a t e , m o d e l i n g
techniques may be used during the FS to evaluate the long-term chemical s t a b i l i t y of the
materials within the impoundment to support f i n a l closure of the S i t e

The clay-rich soils underlying the impoundment formed the original ground
surface topsoi l materials that existed at the S i t e prior to the depo s i t i on of the ta i l ing s .
Permeabi l i ty data reported by Weston indicate that these underlying clay soil s have a low
hydraulic conductivity, ranging from 0.001 to 5 f t / y e a r . The clay soil cover material s have
permeab i l i t i e s ranging from 0.031 to 0.072 f t / y e a r (Wes ton , T a b l e 1, page 7, 1999). A
diversion di tch system prevents most storm water from entering the impoundment from off-
S i t e sources, as explained more f u l l y below in Sec t i on 4.3.

4.2 Other T a i l i n g s Mater ia l s
Some ta i l ing s materials are present outside and to the south of the current

impoundment area. During historic operations of the t a i l ing s pond, ta i l ing s material s of
varying thickness accumulated in three naturally low areas l ead ing to the proper ty that
eventually became the impoundment.
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In the 1970s, when PCV constructed the perimeter dike and diversion d i t ch
along the south perimeter of the impoundment, ta i l ing s present in the three low areas were
l e f t in place , outside of the present impoundment. Star t ing in 1983, United Park covered
most of these ta i l ings outside of the current impoundment with the same kind of low
permeab i l i ty , vegetated soil cover United Park also p lac ed over the t a i l i n g s impoundment.
Other types of clean fill material, imported from construction work in Park City, was also
used to cover the ta i l ings outside of the impoundment. Because these areas were n a t u r a l l y
low, the cover in some of these areas is as thick as 10 to 15 f e e t . Data f rom the Weston
Report indicates that the same underlying, natural soil condit ions exist in these locations as
beneath the impoundment.

As explained more f u l l y in Sect ion 5.2, below, United Park will es t imate the
areal and vertical extent of ta i l ing s outside of the impoundment. United Park will also
study any adverse impact s the t a i l ing s material s may have on surface water in the south
diversion ditch. W i t h this information, U n i t e d Park will evaluate the necessity and the
f e a s i b i l i t y of excavating these o f f - i m p o u n d m e n t ta i l ings and cover materials and p la c ing the
same within the impoundment.

4.3 S u r f a c e W a t e r
As noted above, surface water is present in four areas in and around the S i t e .

F i r s t , S i l v e r Creek f l o w s along the west edge of the Property, over 500 f e e t f rom the main
embankment. Second, the drainage ditch systems surrounding the ta i l ing s impoundment
s easonally col lec t runo f f water f l o w i n g towards the impoundment and redirect it around the
impoundment and towards Silver Creek. Sur fac e water is also present in the form of
ponded water in the northwestern area of the impoundment, having ponded on the surface
of the clay soil cover. F i n a l l y , very small quantities of surface water are present in the form
of seeps located near the base of and near the north abutment of the main embankment.

Ponded water on the surface of the soil cover within the impoundment is
derived solely from prec ipi ta t ion f a l l i n g direc t ly on the impoundment. The amount of
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water pond ing on the surface of the impoundment varies f r om year to year. Ponded water
f o l l o w s several pathways or po s s i b l e f a t e s from the impoundment. N e a r l y all water loss can
be attributed to evaporation and plant use within the pond. A small amount of the ponded
water l ike ly percolate s through the underlying, low p ermeab i l i ty soil cover and into the
tai l ings . The ponded water never leaves the impoundment as a discrete surface f l o w . It is
highly unlikely that surface water would ever fill the basin within the impoundment. Even
if large amounts of water ended up on the impoundment for some unl ike ly reason, s tudie s
indicate that the area within the impoundment has s u f f i c i e n t capacity or "freeboard" to
contain the 100-year/24-hour p r e c i p i t a t i o n event, thus e l imina t ing the p o s s i b i l i t y of
overtopping (Dames & Moore, 1980 at 12, A l l i a n c e Engineering 1999). But even if the
tai l ings impoundment were to ever over f i l l with water for some unl ike ly reason, excess
water would f l o w to the lower, east end of the containment dike system, near the east end
or point of origin of the south diversion di tch system. W a t e r f rom an over t opp ing event
would not f l o w west across or cut into the main embankment.

The north diversion ditch (which f l o w s west to ea s t) discharges into an area
east of the impoundment where water may u l t i m a t e l y enter the south diversion d i t ch
system (which f l o w s east to wes t) towards S i l v e r Creek. W a t e r from the south diversion
ditch f l o w s west and collect s in a pond located in a historic excavation where material s
were removed for use in the construction of the main embankment during 1973-74. The
grade of the south or main diversion ditch is low, and there fore , the veloci ty of water
f l o w i n g through the d i t ch does not carry enough energy to erode the channel. Where
higher water veloci t ie s do occur in the di tch, rip-rap or vegetation is present to minimize
any potent ial ly-adverse impacts to the di t ch banks due to erosion. The di tch is well-
vegetated by common wetland species such as ca t ta i l s and willows. T h i s vegetation h e l p s to
b u f f e r the banks from erosion and also serves to decrease water veloc i ty, thereby
e l iminating po t ent ia l erosion problems.

In the spring, surface water in the south diversion di tch has enough f l o w to
sustain a discrete f l o w to Silver Creek. In the later summer when water f l o w s are the
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lowest, the water f l o w i n g f rom the diversion di tch is d i f f i c u l t to trace to S i l v e r Creek as a
discrete f l o w . Some of the diversion ditch water evaporates and is taken up by plant s . As
noted above, the south diversion ditch never c o m p l e t e l y dries out and it does not appear
that diversion ditch water s i g n i f i c a n t l y i n f i l t r a t e s into the ground. If the diversion di tch is
acting as a hydraulic sink, it may be in t ercep t ing groundwater.

The seep at the base of the main embankment generates a very small f l o w of
water, in the range of gal lons per day. Due to the low volume of water, a discrete f l o w is
not and cannot be maintained long enough to reach Silver Creek, over 500 f e e t away. The
existence of the seep is consistent with the design of the ta i l ings impoundment. As noted
above, the main embankment was designed to allow seepage as necessary in order to
alleviate the build-up of hydraulic pressure from within the impoundment. No data
indicate or even remotely suggest that a potent ial soil p i p i n g f a i l u r e may occur at the point
of the seep. The physical characteristics of the seep have remained constant since it was
f i r s t observed at the Site . S e e p a g e water has not been observed to carry sediment and has
been occurring at a very low f l o w rate that has not increased over time.

While seasonal runof f water from the south diversion ditch reaches S i l v e r
Creek during the spring and summer months of the year, United Park believes the data
es tabli sh that water quality in the south diversion ditch has been s t ead i ly improving for the
past decade. Thi s has been clearly evident a f t e r United Park c ompl e t e ly covered the
tail ings inside of the impoundment and re-graded and covered the banks of the south
diversion ditch in 1992. T h i s trend toward improved water qua l i ty not only r e f l e c t s United
Park's remedial e f f o r t s taken at the S i t e , but also the change in S i t e conditions from the
more dynamic status as an operating tailings pond (receiving hundreds of thousands of
gallons of water and thousands of tons of tail ings per week) to a large parcel of land that
only receives water from snow melt or rain. However, addi t ional characterization of the
water and wetlands in this ditch will be performed to address the long-term abil i ty of the
wetlands to continue to improve water quality. The scope of the addit ional
characterization is discussed in Sec t i on 5.4.
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In a d d i t i o n , recent water qua l i ty data provides s u f f i c i e n t parameters upon
which United Park has evaluated the impacts of the t a i l i n g impoundment on S i l v e r Creek
water chemistry. United Park has used exist ing data in a s i m p l e mixing calculat ion to: (1)
determine if discharges from the diversion di tch are impac t ing S i l v e r Creek and (2) if such
impac t s are occurring, then determine what f u r t h e r d e t a i l e d mode l ing and data
requirements would be required to examine the impacts to Si lv er Creek. The mixing
"model" is described in de ta i l in A p p e n d i x C. T h i s model has e s s ent ia l ly calculated waste
loads to Silver Creek from the diversion ditch and embankment seeps under four d i f f e r e n t
scenarios. F i r s t , it is assumed that S i l v e r Creek meets ambient water qua l i ty ("AWQ")
standard for zinc. M o d e l i n g is then comple t ed on the diversion di tch and the main
embankment seep to determine what the metal s l oading in these two sources of water
would have to be in order to assure that S i l v e r Creek does not exceed standards. Second,
m o d e l i n g is done using actual values for both the seep and diversion ditch. The actual
metal concentrations in Silver Creek are calculated in this scenario. The third scenario
makes the assumption that Si lv er Creek contains no zinc or 0.00 mg/1. The f o u r t h scenario
assumes that most of the l oad ing from ta i l ing impoundment is e l iminated.

Using available data, the ca l cu la t ions e s t a b l i s h that any metal load
contributions made by the south diversion ditch and, p o t e n t i a l l y , by the main embankment
seep, do not adversely impact Silver Creek, even when S i l v e r Creek is presumed to contain
no metals. S t a t e d d i f f e r e n t l y , the load contribution to Silver Creek from the south
diversion ditch (and to the extent relevant, from the main embankment s e e p ) is not
s igni f i cant enough to cause an e f f e c t on the qual i ty of water in S i l v e r Creek. The
contribution of the low metal concentrations from the S i t e do not cause S i l v e r Creek to
exceed surface water qual i ty standards for the S t a t e of Utah, even if it is presumed that
Silver Creek contains no metal. In summary, by u t i l i z i n g waste-load calculat ions s imilar to
those used on an NPDES permitted discharge, it can be shown that the south diversion
ditch and main embankment seep do not have enough f l o w or metal loading to cause S i l v e r
Creek to exceed water quality standards. United Park recognizes that water quali ty in
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S i l v e r Creek does not meet the s tandards for a variety of uses. However, United Park
believes that zinc concentrations observed in S i l v e r Creek are not a result of waters f l o w i n g
f r om the south diversion ditch and the main embankment seep from the S i t e . Through the
RI/FS process, this model ing will be updated with newly acquired data and reevaluated, as
a p p r o p r i a t e , to assure that it is representative of existing conditions.

4.4 Groundwater
Recent and historic data e s tabl i shes that there are at least f our shal low

groundwater systems associated with the Richardson Flat area :
• The impounded ta i l ing s
• Relat ive ly shallow alluvium with po s s i b ly a perched water tab l e
• Deeper alluvium composed of confined sand and gravel a q u i f e r ( s )
• The underlying and ad ja c en t frac tured K e e t l e y volcanic rocks

(Weston 1999, at 2).

Tail ing s were i n i t i a l l y placed on native, clay-rich topsoi l that was the original
ground surface prior to the d epo s i t i on of tai l ings. (Wes ton, 1999; see Figure 3.0). W a t e r is
also present in the t a i l i n g s f r om the ta i l ing s slurry transport system and the l imi t ed
perco la t ion of storm water and snowmelt through the exi s t ing soil cover. The underlying
low permeab i l i ty clayey soils e f f e c t i v e l y create a barrier to the vertical movement of
groundwater from the tai l ings impoundment to the underlying shallow al luvial or bedrock
aquifers . (Weston 1999, at 6).

With in the immediate area of the impoundment, groundwater f l o w in the
bedrock aqui fer monitoring well ( M W - 1 ) is reported as quite low. (Dames & Moore, 1973
at 4). Based on limited but use ful data, the groundwater f l o w in the deeper volcanic
bedrock aqui f er does not appear to be s igni f i cant , either. Wes ton reported (see A p p e n d i x
A, page 3) that a test well located approx imate ly one mile northwest of the S i t e was
completed to a d e p t h of 1,000 f e e t into the volcanic bedrock aquifer. The well produced
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ins igni f i cant water for use as municipal water supp ly . Transmi s s iv i t i e s ranged from 30 to 50
ft 2 / d a y for this wel l . (Wes ton , 1999, at 3).

4.5 I d e n t i f i c a t i o n of Potent ial Contaminant Migrat ion Pathways
Based on data co l l ec ted to date , Respondents have i d e n t i f i e d three p o t e n t i a l

contaminant migration pathways. F i r s t , releases to the air as the result of wind-blown
dispersion of tai l ings materials occurred in the past. T h i s pathway has been el iminated
because the tail ings within the impoundment are covered with a soil and vegetative cover.
Existing data suggests that the high clay-content soil cover is r e la t ive ly impermeable, is
s tab l e , and is suitable to prevent direct contact with, and wind di spers ion of, the under ly ing
ta i l ings materials. United Park proposes to conduct addit ional f i e l d work to confirm the
thickness and e f f e c t i v e n e s s of the soil cover in order to determine whether addi t ional
remedial measures are needed to achieve f i n a l site closure, as described in more de ta i l in
section 5.2, below.

Second, Respondents understand that EPA has raised concern over po t en t ia l
releases to groundwater as the result of leaching metals from the ta i l ing s and hydraulic
connectivity between saturated ta i l ing s and S i t e groundwater systems. T a i l i n g s material s
and the substances leached there from would be the primary source of po t ent ia l
contamination to the groundwater. The po t ent ia l exposure route for terrestrial or aquatic
biota would be ingestion of surface water that has been a f f e c t e d by contaminated
groundwater.

T h i s second po t en t ia l contaminant migration pathway is inconsistent with
existing, natural S i t e conditions. Low-permeabil i ty, native clay soil is continuous beneath
the impoundment, as i l lu s trated in Figure 4.0. Mineralogical data on the underlying so i l s
indicate that the clay layer is comprised of a mixed clay mineral (i.e., mixed mica and i l l i t e
or smectite). Based on recent studies by Weston, Respondents believe that existing da ta
e s tabl i shes that it is unlikely that leached metals would migrate through the s igni f i cant clay
soil layer and into the underlying shallow aquifer because of the low permeab i l i ty of the

31



soil layers underlying the ta i l ings . The t a i l i n g s are derived f r o m mineralized bodies that
are hosted in carbonate or carbonate-rich rocks. The s e materials have a high b u f f e r i n g
ab i l i ty to counter any acid that might form as the result of s u l f i d e degradat ion. F i n a l l y ,
there are no drinking water we l l s comple ted in the shal low or d e ep a l luv ia l aqu i f e r s on or
near the S i t e . A d d i t i o n a l e f f o r t s will be undertaken as part of the Focused RI to f ur th e r
confirm this as discussed in S e c t i o n 5.5 below.

The third potent ial contaminant migration pathway consists of releases to
surface water as the result of leaching of metals from the tailings materials. As with
groundwater, t a i l i n g s materials are the primary po t en t ia l source of contamination of
surface water. W i t h the po s s ib l e exception of the bottom of portions of the south diversion
ditch and the small amount of water discharging from the seep at the base of the main
embankment, surface water does not come into direct contact with the tail ings materials.
W h i l e a po t en t ia l contamination pathway to surface water exists in portions of the south
diversion ditch and in the seep at the base of the main embankment, exist ing data also
suggest s that neither pathway is having any adverse impact on the water qua l i ty or the
general water chemistry, including zinc concentrations, in Si lv er Creek. Never th e l e s s ,
Uni t ed Park will conduct addi t ional surface water characterization work to fur th er evaluate
the condition of the southern diversion ditch and to evaluate any impact s caused or
p o t e n t i a l l y caused through the surface water contaminant migration pathway, as described
in more detail in section 5.4 below.

5.0 S U P P L E M E N T A L REMEDIAL INVESTIGATION WORK
As summarized in Sect ion 3.0 above, extensive inves t igat ion work has already

been comple ted at the S i t e . Moreover, over the years, United Park and others have taken
actions to support f i n a l closure of the S i t e , including the in s t a l l a t i on of a soil cover over the
t a i l ing s , drainage ditches, and a security fence. In order to evaluate the need for any
fur ther remedial measures to support f ina l S i t e closure and to assure that the exi s t ing
remedies in place are adequate and have longevity, United Park proposes conducting the
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f o l l o w i n g remedial invest igation work. T h i s S e c t i o n describes and discusses the rat ionale
and scope of the proposed work, inc lud ing a de s cr ip t ion of a p p l i c a b l e data qua l i ty
objectives.

5.1 T a i l i n g s Cover I n v e s t i g a t i o n
Since 1983, United Park has been p l a c i n g soils over the impounded ta i l ings

in an e f f o r t to control wind-blown dust from exposed ta i l ings . The ta i l ings are now en t i r e ly
covered with a vegetated, clay soil cover. A d d i t i o n a l s tudie s on the ta i l ing s cover will
gather data to support evaluation of the f o l l o w i n g : (i) the minimization of surface water
i n f i l t r a t i o n into the t a i l ing s embankment; and (ii) the adequacy of existing cover to support
f ina l site closure, consistent with contemplated fu ture redevelopment of the S i t e and the
adjacent Property. To that end, Respondent will gather s u f f i c i e n t s u p p l e m e n t a l data in
order to meet the f o l l o w i n g objec t ives:

• Confirm the lateral and vertical extent of the existing t a i l i n g s cover;
• Determine the technical s p e c i f i c a t i on s for any addi t i onal cover, if

needed;
• Determine the s p e c i f i c a t i o n s for su i tab l e borrow mater ia l;
• Determine revegetation requirements, if needed;
• Determine surface grading requirements to improve drainage, if

needed; and
• Evaluate whether or not there are any unacceptab l e h ea l th risks

associated with po t ent ia l exposure to the ta i l ings cover materials.

Respondents will confirm the lateral and vertical extent of the soil cover by
using data col lec ted by E&E in 1992 as a baseline and co l l e c t ing new soil sample s on a 500
by 500 f o o t grid. F o l l o w i n g procedures similar to those E&E used in 1992, Respondent s
will dig shallow excavations either with shovels, hand augers or backhoes, if necessary, until
the tail ings are exposed. Visual observations of the contact between the cover soils and
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t a i l i n g s will be used to document the d e p t h of the soil cover at each grid point. The t a i l i n g s
materials are s u f f i c i e n t l y d i f f e r e n t in grain size and color from the cover materials to
permit use of a visual id en t i f i ca t i on method to d i f f e r e n t i a t e between tai l ings and the soil
cover. The cover soils are characterist ically i d e n t i f i e d as a reddish-brown clay material
while the t a i l ing s are characterized as a gray silty-sand material. V e r i f i c a t i o n of the visual
method will be conducted by co l l e c t ing samples at ten-percent of the sample points and
submitting them for laboratory analysis. The samples will be collected f rom the cover
material at the surface (0 to 1 inch) (such that EPA can assess potential health risks as a
result of exposure to such cover mater ia l s) and ju s t above the t a i l ing s in t er fac e (to assess
the vertical extent of the tailings cover). The samples will be analyzed for meta l s noted in
the Analytical List for soils shown in T a b l e 5.2. Figure 5.0 shows the sampl ing grid, and
Figure 2 in A p p e n d i x B shows the 1992 sample locations. Respondents will undertake
addi t ional work, as necessary, if the f i n d i n g s f rom the proposed work prove to be
i n s u f f i c i e n t to meet the above-mentioned objectives. A S a m p l e and Analys i s Plan (SAP)
that s p e c i f i e s the sample and analytical methods for this and subsequent work described in
Section 5.0 will be submitted to EPA within 60 days of the e f f e c t i v e date of the AOC.

Based on the results of the sampl ing and evaluation of hea l th risks, if any,
Respondents will evaluate (i) the need for addit ional cover material to supplement exist ing
cover (inc luding but not limited to evaluation of soil type, thickness, p ermeab i l i ty , and
compaction requirements); (ii) vegetation and revegetation requirements; and (iii) surface
drainage requirements.

5.2 O f f - I m p o u n d m e n t T a i l i n g s I n v e s t i g a t i o n
T a i l i n g s are present in three naturally low areas south of the present south

perimeter containment dike and south diversion ditch. See Figure s 2.0 and 3.3
Respondents propose to use historical aerial photographs to determine the areal extent of
o f f - impoundment tai l ings materials. Respondents will also es t imate the vertical extent of
tai l ings and cover material using existing historical information and l imited borehole data.
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Respondents will also study whether or not shal low groundwater is moving through these
t a i l i n g s and is p o t e n t i a l l y intercepted by the south diversion ditch. At a minimum, U n i t e d
Park will in s ta l l three (3) borings in the low lying areas in locations shown on F i g u r e 3.3.
The borings will be dri l l ed down to the t a i l i n g s / s o i l interface. If groundwater is
encountered, the borings will be converted to monitoring wel l s . Data f rom the borings will
be used to determine the thickness of tai l ings. A d d i t i o n a l borings may be i n s t a l l e d to
better d e f i n e the lateral and vertical extent of the o f f - i m p o u n d m e n t ta i l ings , if a d d i t i o n a l
information is required. Such addi t i onal in format ion may be necessary if it were
determined that these t a i l i n g s are adversely impac t ing the ground or surface water q u a l i t y
so as to require removal of the tail ings. A surface water elevation datum will be i n s t a l l e d
at the south diversion di tch near RF-4 in the event that the monitoring we l l s are i n s t a l l e d .
Groundwater elevations in the monitoring wel l s would be compared to the surface water
elevation measured near RF-4 to be t t er q u a n t i f y and q u a l i f y the interact ion between the
two systems. Respondents will use this add i t i ona l data to determine the approx imate
volume of t a i l ing s located south of the impoundment, and whether these ta i l ing s are having
any po t en t ia l , adverse impact on the water qual i ty in the south diversion ditch.
Respondents will fur ther use this in format ion to determine whether or not the t a i l i n g s
pre s en t ly located to the south of the impoundment need to be excavated and p laced within
the impoundment. This will include an estimation of the costs of excavation of the off-
impoundment ta i l ing s (and associated cover), placement of the same within the
impoundment, and in s ta l l ing a d d i t i o n a l soil cover as needed. S h o u l d these s tudie s indica t e
that the tai l ings located south of the impoundment must be relocated, Respondents will
also evaluate the po t en t ia l geotechnical impacts excavation may have on the containment
dikes along the diversion ditch, as well as the main embankment.
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5.3 Wind-Blown T a i l i n g s
As previous ly discussed, prior to Uni t ed Park's placement of a soil cover over all of
the t a i l i n g s , some of the ta i l ings material may have been blown by the wind to areas
near the S i t e . The areal extent of any wind-blown tai l ings has not been f u l l y
addressed in prior studies. EPA has requested that , as part of the remedial
invest igation work, Respondents evaluate such wind-blown ta i l ings .

Respodnents will gather s u f f i c i e n t data in order to meet the f o l l o w i n g
object ives:

• Conf irm the lateral and vertical extent of the wind-blown t a i l i n g s ; and
• Evaluate whether or not there are any unacceptable h ea l th risks

associated with po t ent ia l exposure to the wind-blown tai l ings .

Respondent s will conduct soil sampl ing at select l o ca t ions along three
sampl ing transects. S a m p l i n g transects, 3,500 f e e t long, will be e s tab l i shed in f i e l d with the
f o l l o w i n g criteria:

• One sample transect will be placed p e r p e n d i c u l a r to the t a i l i n g s
impoundment, a p p r o x i m a t e l y 500 f e e t north of the main
embankment.

• Two sample transects will be placed beginning 500 f e e t south of the
county road and a second transect at a 500-foot interval .

The sampl ing transects locat ions were determined by ut i l i z ing in format ion in
E&E's report on air monitoring activities in 1986. S a m p l e transects are p laced
perpendi cu lar to observed site wind directions. E&E reported that the prevai l ing wind
direction in Park City is from the southeast. Review of the S i t e wind direction data
recorded by E&E confirms that the prevai l ing wind is f rom the southeast with lower
veloci ty winds from the northwest occasionally. (E&E, 1986, at 3)
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Respondent s will co l l ec t soil s ampl e s at 500-foot intervals along the transect s
and at d e p t h s of 0-1 and 1-6 inches. The sample s wil l be analyzed for the soil parameters
l i s t ed in T a b l e 5.2. Figure 6.0 shows the proposed location of the transects and sampl e
intervals. Respondents will undertake addi t ional work, as necessary, if the f i n d i n g s f rom
the proposed work prove to be i n s u f f i c i e n t to meet the above-mentioned objec t ive s . Data
co l l e c t ed from wind-blown ta i l ing s will be used by EPA to assess po t en t ia l h ea l th risks, if
any, associated with exposure to such tailings, and, if necessary, determine whether any
remedial action will be required.

5.4 S u r f a c e W a t e r
S u r f a c e water is present at and near the S i t e , pr imari ly in the south diversion

di tch system and in S i l v e r Creek. As noted above, elevated metal concentrations have
been detec ted in the south diversion di tch, which not only decrease in concentration as the
water f l o w s towards S i l v e r Creek but overall have also decreased in concentration during
the last several years. Despi t e s ignif i cant existing surface water quali ty data, previous
surface water quality investigations did not analyze s u f f i c i e n t parameters to be use ful in
United Park's metal loading model. A d d i t i o n a l surface water data will be c o l l e c t ed
s p e c i f i c a l l y to determine impact s to S i l v e r Creek f rom the S i t e surface waters. Expanded
surface water characterization data wi l l be gathered to determine whether the data varies
with changing seasons. Respondents will also collect a series of sediment sample s f rom the
south diversion ditch to more accurately characterize the po t en t ia l source of zinc in the
south diversion di tch water quali ty samples. S a m p l e s will be co l l e c t ed and analyzed
according to procedures that are discussed in detai l in the SAP. The sediment sample s will
be analyzed for metals parameters l i s ted in T a b l e 5.2. Data from the sediment sample s wi l l
be used to determine the long term f a t e and transport of metals in the S i t e wetland areas.
W e t l a n d s in the diversion ditch contain similar vegetat ion and sediments as we t land s
present between the main embankment and Silver Creek.
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Based on surface water da ta c o l l e c t e d in 1999, presented in T a b l e 3.4, and a
review of historic aerial pho t ograph s , it appears that the diversion di t ch channel bed may
be constructed in tai l ings in the area ju s t upstream and downstream of the RF-4 sampl e
location (See Figure 3.3). In order to i so late po t ent ia l source areas, six sediment sample s
will be c o l l e c t ed at 500-foot intervals between sampl e locations RF-2 and RF-5. W a t e r
qual i ty data presented in T a b l e 3.4 indicates that zinc is the primary metal that is e i ther
so lub i l iz ing in the sediments or is leaching into the diversion di tch via a groundwater
pathway. In addi t ion, the long-term v iab i l i ty of the wetland system to continue to enhance
water qua l i ty will be evaluated. T h i s wil l include an evaluation of the exi s t ing b io log i ca l
system, i d e n t i f i c a t i o n of metal removal mechanisms, f a t e and transport of metal s in the
wetland system, and a discussion of the operation and maintenance of the diversion ditch.

In addi t ion, more precise water f l o w information is needed for the "mixing
model". To gather precise f l o w informat ion, United Park has recently i n s t a l l e d a twelve-
inch par shal l f l u m e on the south diversion di t ch downstream of the pond. The f l u m e wi l l
be used to measure f l o w in the diversion ditch upstream from the location where it enters
the wetland area and S i l v e r Creek (locat ion RF-6). Two smal l er f l u m e s , nine inches at the
throat, were i n s t a l l e d at upstream locat ions on the south diversion d i t ch ( R F - 2 and RF-3-
2). F l o w measurements in Si lver Creek wil l be determined ju s t upstream of sampl ing
stat ion RF-7-2 by using a current meter and standardized measurement methods for open
channel f l o w determinations. F l u m e i n s t a l l a t i o n on Si lver Creek proper is d i f f i c u l t due to a
variety of issues outside of Respondent s ' control. Accurate f l o w informat ion cannot be
gathered at the downstream confluence of S i l v e r Creek and the diversion d i t ch due to
dispersed f l o w through the wetland area. Water f l o w at RF-8 in Silver Creek will be
determined by adding the f l o w measured at RF-6 and RF-7-2. Figure 3.3 shows the f l u m e
locations.

I n s u f f i c i e n t data currently exist to determine whether the meta l s l oading mode l ing
that Respondents .have developed adequately characterizes conditions throughout a
comple te year. Future water sampl ing will be collected to c ompl e t e the exis t ing database.
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Respondent s will submit a report to EPA that summarizes data c o l l e c t ed f r om May of 1999
to date. The report wi l l be submitted with the RI report. The surface water monitoring
program will be performed to collect water sample s on a monthly basis at the f o l l o w i n g
locations: RF-2, RF-3-2, RF-6, RF-7-2 and RF-8 (see Figure 3.3). As shown in Figure 3.3,
RF-3 has been replaced with a new locat ion, RF-3-2, to a l low for f l o w measurement from
the par shal l f l u m e . Sur fac e water sample s will be analyzed for the water parameters l i s t e d
in T a b l e 5.2. A f t e r s u f f i c i e n t data have been gathered, Respondent s ' "mixing model" will
be refined using the new information. The model ing will be reevaluated with newly
acquired da ta to assure that it is representat ive of ex i s t ing conditions.

W h i l e more precise f l o w rate data f rom the main embankment seep may be u s e f u l ,
a s igni f i cant amount of exi s t ing vegetation and organic matter, grown during the last ten
years or so, would have to be removed be fore f l o w data can be obtained. Because
Respondents believe that the exi s t ing natural conditions are very l i k e l y m i t i g a t i n g any
dissolved metal s present in the water from the seep, Respondents are reluctant to propose
dis turbing exis t ing conditions at this time, unless the proposed wedge buttress design
requires this information. The seep does not generate a s igni f i cant volume of water. In
f a c t , it is quite d i f f i c u l t to detect f l o w water; hence the i d e n t i f i c a t i o n as a seep. W a t e r
chemistry from this location is quite l i k e l y to be of l i t t l e use other than to i d e n t i f y the
po t en t ia l source of the water. Neverthe l e s s , Respondents will collect a sample f rom the
main embankment seep area in order to better characterize water qua l i ty and
concentrations of di s so lved metals. The sample will be analyzed for the water parameters
l i s t ed in T a b l e 5.2. If addi t ional data regarding the seep is necessary in connection with the
design of the proposed wedge buttress, Respondents will collect data for that purpose.

5.5 Groundwater
The hydrogeologic conceptual model prepared by W e s t o n will be used as the

basis of f ur th er work on re f ining the understanding of groundwater conditions at the S i t e .
As part of its study, Weston ins ta l l ed 11 new piezometers. Groundwater e l evat ion da ta is
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currently co l l e c t ed on a monthly basis to determine whether seasonal groundwater
f l u c t u a t i o n s exist. Thi s s a m p l i n g will occur through another runo f f cycle or until the end of
the last quarter of 2000. The data from these measurements will h e l p determine the
relationship between the shal low aquifers , the tai l ings impoundment and S i l v e r Creek
alluvial groundwater. A report will be d r a f t e d upon comple t ion of the data c o l l e c t i on
process that addresses any changes in the groundwater levels.

As noted by EPA in its informal review of the Weston report, addit ional
information is required to re f ine the Site's water balance. M o n t h l y water level s will be
co l l e c t ed from the piezometers i n s t a l l e d by W e s t o n in and around the impoundment. The
groundwater level data will be co l l ec ted in conjunction with the surface water monitoring.
Groundwater and surface water elevation data will be col lec ted at paired locations such as
RT-5 and the south diversion ditch, at RT-7, and at S i l v e r Creek. The data will be used to
quant i fy the surface water-groundwater interaction. The hydrogeologic data coupled with
exis t ing and new groundwater chemistry will be used to evaluate the po t ent ia l for
groundwater impacts at the S i t e .

S h a l l o w groundwater in the Si lver Creek f l o o d p l a i n both above and below
the ta i l ing s impoundment will be sampled and evaluated to determine the impact, if any, of
the ta i l ing s from the S i t e on o f f - s i t e shallow groundwater or surface water. A monitoring
well will be ins ta l l ed downgradient of the S i t e in the Si lver Creek alluvium. RT-7 will be
used as the upgradient Si lver Creek alluvial well. The data, along with all exi s t ing water
qual i ty data, will be used to better d e f i n e and model groundwater quali ty in the S i l v e r
Creek alluvium.

As previously discussed in Section 5.2, Respondents will install three borings
into the f a i l i n g s areas located south of the diversion ditch to evaluate the po t ent ia l for
these ta i l ings to impact groundwater or surface water in the south diversion ditch. The
borings will be dr i l l ed down through the tai l ings and terminate at the t a i l i n g s / s o i l inter face .

The borings will be converted to monitoring wells if groundwater is encountered. Figure
3.3 shows the locations of the proposed borings.
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Respondent s will also evaluate the p o t e n t i a l impact s to current users of
groundwater near the S i t e . Respondents will conduct a survey of private w e l l s within a
one-mile radius of the S i t e . Respondents will locate and map groundwater e levations of
all private wel l s within a one-mile radius of the S i t e . If the groundwater e levation data
demonstrate that the w e l l s are downgradient and connected to S i t e aqu i f er s , then the w e l l s
will be sampled according to procedures out l ined in the SAP and tested to assess whether
po t en t ia l groundwater impacts are occurring as a result of S i t e conditions.
F i n a l l y , groundwater monitoring well RT-1 will be abandoned because it was c ompl e t ed
both in the shal low confined and unconfined aquifers. Based on the well construction,
cross f l o w between the two aqui fer s may be occurring. According to s tate well construction
regulations, such construction is not allowed without prior approval. Respondent s will
prepare a closure p l a n for the EPA RT-1 monitoring w e l l , p r o p o s i n g that the well be
grouted with a bentonite seal to within f i v e f e e t of the ground surface and that the casing
removed to below grade.

5.6 Main Embankment I n v e s t i g a t i o n
The main embankment is the permanent enclosure device for the t a i l i n g s

materials. The s t a b i l i t y and integri ty of the main embankment have been examined two
s eparate times by consultants for Noranda (Dames & Moore 1980) and EPA (E&E 1992).
A l t h o u g h both groups determined that while the main embankment appeared to be s table

in its then-current condition, concerns were raised about two issues:
• The oversteepened downstream s l ope of the embankment.
• S e e p a g e present at the toe of the main embankment.

Respondents agree that portions of the main embankment are oversteepened
and were not constructed in accordance with the recommendations made by Dames &
Moore in 1974. As a result , Respondent s propose s to design an a p p r o p r i a t e wedge but tre s s
to be in s ta l l ed along oversteepened portions of the main embankment. The buttres s will
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enhance the long-term e f f e c t i v e n e s s of the f i n a l closure remedy for the S i t e . R e s p o n d e n t s
will evaluate the condition of the main embankment during the RI/FS phase, and will
prepare construction design sp e c i f i ca t i on s for the wedge buttress as part of the f i n a l
remedial design process.

Because several of the groundwater monitoring w e l l s i n s t a l l e d by previous
operators are currently located in the area where the wedge buttress would l i k e l y be
constructed, United Park ant i c ipate s that it will be necessary to close these wells. Uni t ed
Park will prepare a well abandonment p l a n for EPA approval. The we l l s wil l be grouted
with a bentonite seal to within f iv e f e e t of the ground surface and the casing removed to
below grade. Data from the seep may also need to be gathered in order to d e v e l o p an
appropr ia t e wedge buttress design.

In addit ion, the long-term chemical s t ab i l i ty of the ta i l ings will be evaluated.
S a m p l e s of the t a i l ing s material s will be c o l l e c t ed at three (3) locat ions on the

impoundment as shown on Figure 5.0. The sample s will be analyzed for meta l s and long
term leaching po t en t ia l . The SAP provides d e t a i l s on the sample co l l e c t i on and analyt i ca l
procedures.

5.7 S a m p l i n g and A n a l y s i s and H e a l t h and S a f e t y P l a n s
As part of the f o cu s ed RI/FS, Respondents will prepare a s a m p l i n g and

analysis p l a n ("SAP"), and a site heal th and s a f e t y p lan ( " H A S P " ) . The SAP provides a
mechanism for p lanning f i e l d activities and consists of a f i e l d s a m p l i n g p l a n (FSP) and a
qual i ty assurance pro j e c t p l a n (QAPP). The FSP will d e f i n e the s a m p l i n g and
data-gathering methods that will be used on the p r o j e c t . The QAPP will describe the
projec t object ives and organization, func t ional activities, and q u a l i t y assurance and qua l i ty
control ( Q A / Q C ) protocol s that will be used to achieve the desired data quali ty objec t ives .
The HASP will be prepared in conformance with the United Park's h ea l th and s a f e t y

program, and in compliance with OSHA regulations and protocols .
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6 . 0 F O C U S E D R I S K A S S E S S M E N T
The EPA will p er f orm the focused risk assessment. Given the current

i so lated nature of the S i t e , the knowledge of fu ture land use of the S i t e , and the past h e a l t h
assessments which have been conducted for the S i t e , EPA agrees that a "streamlined" risk
assessment using a proposed fu tur e land use and a "focused" RI/FS (using exi s t ing data to
the f u l l e s t extent pos s ib l e and evaluating a l imited number of al ternatives consistent with
proposed future land use) is appropr ia t e .

7.0 TREATABILITY STUDIES
Respondents will d e v e l o p and evaluate po t en t ia l add i t i ona l remedial

al ternat ive s to support a f ina l closure of the S i t e that will be protect ive of human hea l th
and the environment, and consistent with the con t empla t ed f u t u r e land use of the S i t e . At
this time, such addi t ional remedial measures would not involve treatment of hazardous
wastes or substances. Consequently, it is unl ike ly that t r e a t a b i l i t y s tudies would need to be
performed as part of the evaluation and selection of f ina l addi t ional remedial measures to
support f ina l closure of the S i t e . However, if new in format ion comes to l ight as a result of
Respondent s ' focused RI/FS e f f o r t s , or if circumstances change, then Respondent s wi l l
evaluate the need for and conduct, as necessary, tr ea tab i l i ty t e s t s in accordance with the
NCP and EPA's Model the Sta t emen t of Work, and as approved by EPA.

8.0 F U R T H E R REMEDIAL ACTION
Based on the data co l l e c t ed from and the remedial measures that have

already been implemented at the S i t e to date, and in consideration of remedial measures
implemented at similar ta i l ings impoundment sites throughout U t a h and other Rocky
Mountain s tates , Respondent s believe that f i n a l S i t e closure can be achieved without the
implementat ion of f u r th e r remedial measures. However, Respondents recognize that EPA
and UDEQ have concerns about S i t e conditions that the agencies believe must be

43



addressed through addi t i onal S i t e characterization and p o s s i b l y through the
impl ementa t i on of addi t i onal remedial measures. T h e r e f o r e , Respondent s agree to f u r t h e r
investigate the nature and extent of contamination at the S i t e to s upp l emen t the
inves t igation e f f o r t s per formed at the S i t e to date and confirm that the measures
imp l emen t ed at the S i t e to date are adequate to support f i n a l closure of the S i t e . If
necessary, based on the f i n d i n g s of these e f f o r t s , Respondent s will also deve lop and
evaluate po t en t ia l addi t ional remedial al ternatives to support a f i n a l closure of the S i t e that
is protective of human heal th and the environment, and consistent with c on t empla t ed
fu ture land use of the S i t e . Respondents propose to use the da ta derived from the Focused
RI/FS (toge ther with a focused risk assessment to be p er formed by E P A ) to determine
whether any fur ther remedial measures are needed to support f i n a l S i t e closure.

If and to the extent fur th er remedial measures are required at a l l ,
Respondent s believe that any a p p r o p r i a t e f i n a l remedy for the S i t e should incorporate, to
the maximum extent prac t i cab l e , all ex i s t ing elements of S i t e closure, and where necessary
and a p p r o p r i a t e , should adopt addi t ional measures to improve S i t e closure. Such
addit ional measures, if required, may include:

• Improv ing and maintaining the main embankment s t a b i l i t y and
in t egr i ty

• Improving and maintaining the soil cover
• Improving and maintaining the surface drainage
• Improving and maintaining the diversion di t che s
• Excavating ta i l ing s located outside of the impoundment, p l a c i n g the

same within the impoundment, and placement of addi t ional cover
• Establishing appropria t e in s t i tu t ional controls to prevent

unacceptable exposure risks

If necessary, as part of the FS, Respondents will deve lop appropr ia t e
remedial action object ives , and deve lop and evaluate po t ent ia l add i t i ona l remedial
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alternatives , to support a f i n a l closure of the S i t e that is protect ive of human hea l th and the
environment. Respondents will begin to d eve l op and evaluate a range of appropr ia t e
fur ther remedial alternatives to support f ina l S i t e closure, concurrent with the RI S i t e
characterization task. Based on EPA's focused risk assessment, Respondents wi l l review,
and if necessary and appropr ia t e for the S i t e : 1) m o d i f y the s i t e - s p e c i f i c remedial action
objec t ive s; 2) deve lop general response actions for each medium of interest to s a t i s f y the
remedial action objec t ives; 3) i d e n t i f y areas or volumes of media to which general response
actions may a p p l y , taking into account requirements for protectiveness as i d e n t i f i e d in the
remedial action objec t ives; 4) i d e n t i f y , screen and document technologies , if any,
a p p l i c a b l e to each general response action to eliminate those that cannot be impl ement ed
at the S i t e ; 5) assemble and document fur th er alternative remedial measures; 6) ref ine the
f ur th er alternative remedial measures, as necessary; and 7) conduct and document a
screening evaluation of each fur ther remedial alternative measure.

Respondents will also conduct a d e ta i l ed analysis of addi t ional remedial
alternatives to support f inal closure of the Site . Thes e will consist of an analysis against a
set of nine evaluation criteria to ensure that the selected addi t ional remedial measures will
be protect ive of human hea l th and the environment; will be in compliance with, or include
a waiver of, ARARs; will be cost- e f f e c t i v e ; will ut i l ized permanent solutions and
alternative treatment technologies, or resource recovery technologies, to the maximum
extent pract icable; and will address the statutory preference for treatment as a pr inc ipa l
element (if appropr ia t e) . The evaluation criteria include: (1) overall protec t ion of human
heal th and the environment; (2) compliance with ARARs; (3) long-term e f f e c t i v e n e s s and
permanence; (4) reduction of toxicity, mobility, or volume; (5) short-term e f f e c t i v e n e s s ; (6)
implementabi l i ty; (7) cost; (8) state (or support agency) acceptance; and (9) community
acceptance. ( N o t e : criteria 8 and 9 are considered a f t e r the focused RI/FS report has been
released to the general publ ic .) As part of its evaluation of the long-term e f f e c t i v e n e s s of
the f ina l closure remedy for the S i t e , Respodents will also ut i l ize, as a p p r o p r i a t e , modeling
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techniques to evaluate the long-term chemical s t a b i l i t y of the mater ia l s wi th in the t a i l i n g s
impoundment.

It should be noted that long-term, non-residential land uses are being
considered for the S i t e and the Property. Whi l e the Property outside the impoundment is
already su i tab l e for d ev e l opment , the Property is not currently being used for any
productive purpose. The area outside of the actual impoundment may be su i tab l e for
development for non-residential, recreational uses. Certain non-residential uses,
consistent with the soil cover and any appropriate institutional controls, may be
a p p r o p r i a t e for the southern area of the t a i l i n g s impoundment area i t s e l f .

9.0 D E L I V E R A B L E S
Respondents will prepare an RI/FS Report that will present analytical da ta

co l l e c t ed during the focused remedial inve s t iga t ion and an i n t e r p r e t a t i o n of the d a t a in
relat ion to human hea l th and environmental exposures. It will address the f o l l o w i n g topics:

• S i t e characteristics
• S i t e physical characteristics
• Source characteris t ics
• Nature and extent of contamination
• Contaminant f a t e and transport
• Streamlined risk evaluation

Respondents will also prepare an a p p r o p r i a t e FSP, QAPP and HASP prior
to f u l l y implement ing the work proposed in this Work Plan.
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10.0 S C H E D U L E
Respondents will d e v e l o p a schedule to guide the work proposed in thi s

document using the Critical Path Method ( C P M ) . N e g o t i a t i o n s with the EPA over the
administrative agreement will determine the i n i t i a t i o n date for the focused RI/FS and will
d e f i n e roles and r e s p o n s i b i l i t i e s for its comple t ion. S h o u l d add i t i onal work be deemed
necessary as a result of the discovery of new in format ion gathered in the performance of
the work tasks outlined herein, the de l iverable schedule will be a d j u s t e d to accommodate
work revisions.

11.0 C O M M U N I T Y R E L A T I O N S
Consistent with the requirements of the NCP, EPA and UDEQ, with support

from Respondents, will prepare a Community Relat ions Plan.
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F I G U R E S
F i g u r e 1 .0: S i t e Location Map
Figure 2.0: S i t e Map
Figure 2.1: S i t e Geology
Figure 3.1: S a m p l e Locations
F i g u r e 3.2: W a t e r Q u a l i t y Data-Zinc ( S u r f a c e )
Figure 3 .2a W a t e r Qual i ty Data-Zinc ( S u r f a c e ) Line G r a p h
F i g u r e 3 J: S a m p l e Locations
F i g u r e 4.0: Prel iminary S i t e Model
Figure 5.0: Soi l Sediment and T a i l i n g s S a m p l e Locations
F i g u r e 6 .0: O f f - S i t e S o i l S a m p l e Locations
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Table 3.1:Richardson Flats Surface Water Results, 
1982 to 1987 and 1990 to 1998 

All unite are In mgfl. 

Date 25-$ep-98 30-Jun-98 25-Sep-97 24-Jun-97 26-Sep-96 27-Jun-96 27-Sep-95 21-Jun-95 21-S0D-94 29-Jun-94 15-Dec-93 29-Sep-93 14-Jun-93 8-600-92 19-Mar-92 31 -Oct-91 14-Jun-91 3-Aor-91 30*Nov-90 9-S9D-87 3-Auo-87 7-Jul-87 5-Jun-87 6-May-87 5-Nov-86 lO-Oct-86 3-Sep-86 10-Aua-86 1-Auo-86 1-Jul-86 5-Jim-86 
Cu 0043 0.27 0012 <.008 0.39 0 038 1 - - - - • - - - - - . - - . . . . . . . . . _ 

Hfl <00002 <0.0002 <0.0005 <0.0005 <0.0005 <0.0005 - - - - - - - - - - - - <0.0005 <0.0005 <0.0005 . . <0.0005 <00005 <0.0005 <00005 <00005 <0 0005 
Mn-T 0 34 0 58 08 1.3 0.5 0.79 0.24 0.18 0.14 0.28 0.24 03 0.28 0 55 C*25 0.073 0.16 0.2 0.18 0.33 0033 0.12 0.16 . 0 36 0.17 0.027 0.085 0.038 01 
Pb-T 1.6 7.5 0.035 0.038 26 26 <0.01 0.012 0.033 0.02 0.033 0.033 <0.02 0.15 0.37 0.033 0.079 0.05 <0.02 0.18 0.033 002 0.05 012 0.05 0.05 0.05 0.033 002 0.07 
Pb4) - - - - - - - - - • - - - - . . - - - - . . . 002 . . . . . . 
Zh-T 11 18 028 0.77 2.6 28 0.77 0.45 0.65 0.85 1.3 0.68 1.2 081 0.94 08 0.69 0.85 085 - - . 0,79 . . . . . . 
2n-0 - - - - - - - - - - - . - - . - . - - . . . . 056 . . . . . . 
Cn - - - - - - - - - - - - - • - - - - <0.004 <0.004 <0:004 <0.004 .. <0.004 0 004 <0.004 <0.004 0007 <0.004 

TDS - - - • - - - - - - - - - - . - - - - 730 666 628 720 1053 638 642 615 604 260 
TSS - - - - - - - - - - - - - - - - - - - - - - - 38 - - - - - -

Date 1-Mav-86 7-Apr-86 4-Nov-65 3-Oct-85 9-Sep-85 2-Auo-85 10-Jul-85 3-Jun-85 1 -Mav-85 l-Nov-64 3-OC1-84 6-Set>-84 10-Aua-84 3-JUI-84 8-Jun-84 1-Nov-83 6-Oct-83 2-Sep-83 2-Aug-83 6-Jul-63 8-Jun-83 31-Jan-83 3-Jan-83 3-D0C-82 1-Nov-82 1-Oct-82 30-Auo-82 2-Auu-62 1-Jul-82 1-Jurv82 29-Apr-82 
Cu - - - - - - • - - - . - . - . - . .  . - - .  . . . . . . . 
Hfl <0.0005 <0 0005 <0.0005 0 0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 0.0005 <0.0005 2 <0.0005 <0.0005 0.9 <0.0005 0.0089 <0.0005 <00005 <0.0005 0.0046 <0.0005 0.0008 <0.0005 <0.0005 0 0008 <0.0005 <0 0005 <0.0005 <0.0005 0.0007 

Mn-T 0.16 0.27 0 33 0.17 0.1 0 055 033 0 083 03 0.083 0.1 0.4 0.7 0.37 0.13 0.1 0.67 0:33 0.1 028 0.38 0.38 0.33 0.32 017 0.38 012 0.17 017 043 0.28 
Pb-T 0.03 0.083 005 0 12 0.05 0.033 0.05 0.05 0.18 0.067 0.067 0.78 0.067 01 013 0.05 1.3 0033 005 0.05 09 0.02 0.17 0.07 0.05 0.13 0.03 0.03 007 092 035 
Pb-D - - - - - - - - • - - - - - - - - - - - . - . . .  .  . . _ . . 
Zn-T - - - - - - - - - - - - - - - - - - - - .  .  ...  . . .  .  - .  .  
Zn-0 - - - - - - - - - - - - - - - • - - - . - - .  . . .  . . .  
Cn <0.004 <0 004 <0004 <0.004 <0.004 <0.004. <0004 <0.004 - <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 0.054 <0.008 <0.004 0.014 <0 004 0.004 0.009 <0.004 <0.004 <0.004 <0.004 0.005 <0.004 <0.004 0.004 <0004 

TDS 648 760 638 583 729 558 648 498 661 552 600 456 1015 684 387 613 586 830 726 496 303 720 659 609 609 536 719 723 554 516 491 
TSS - - - - - - - - - - - • - - - - - - - - - - - - - - - - - -

Date 25-SeP-98 30-Jun-98 25-Seo-97 24-Jun-97 26-Sep-96 27-Jun-96 27-Sep-95 21-Jun-95 21-Sep-94 29-Jun-94 l5-Dec-93 29-Seo-93 14-Jun-93 8-Sep-92 19-Mar-92 31-Oct-91 14-Jurv91 3-Apr-91 30-Nov-90 9-Seo-67 3-Aua-87 7-Jul-67 5-Jun-87 6-M8V-87 5-Nov-86 IO-Oct-86 3-Seo-86 IO-Auo-88 1-AUQ-86 1-Jul-86 5-Jun-86 
Cu <0.008 <0.008 0.013 <0.008 0.008 <0008 - - - - . . - - • . . . - _ . . . . . . . . 
H0 <0.0002 <0.0002 <0.0005 <0.0005 <0.0005 <0.0005 - - - - - - - - • - . - - - <0.005 <0.005 <0.005 . .. <0.005 <0005 <0 005 <0.005 <0.005 <0.005 <0005 

Mn-T 34 1.7 19 7 7.7 2.1 1.1 1.4 8.7 1.8 83 1.7 1.5 61 1.2 0.083 042 0.92 3 3.1 1.3 1.6 1.4 1.1 0.76 1.8 0.75 0.045 1.2 023 
Pb-T <0.01 <0.01 <0.01 <0.01 0.014 <0.01 <0.01 <0.01 0.05 0.033 0.05 0.05 <0.02 <0.1 <0.02 0.033 0.095 0.02 <0.02 0.067 0.02 0 05 0.067 <0017 0.033 0.067 005 0.05 0.05 002 <0017 
Pb-D - - - - - - - . - - - - - - - - . - - . . . . <0.017 . . . . . . 
ai-T 0.056 0.49 0 036 0.12 0.076 0.3 0.7 0.62 0.097 0.17 0.41 0.23 1.1 065 0.58 0.048 0.28 058 0.13 - - - - 12 - - . - - . . 
Zn-0 - - - - - - - - - - - - - - - . . - . . . . 076 - - . . . . . 
Cn - - - - - - - - - - - - - - - - - - <0004 <0 004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 

TDS - - - - - - - - - - - . - - - - . - - 1867 1704 1511 1300 1676 1538 1671 1882 1731 1693 1542 
TSS - - - - - - - - - - - - - - - - - - - - - - - 24 - - - - - - -

as Q 
c o 
e 
> 
5 

o 
§ 
in 

Date 1-Mav-66 7-Apr-86 4-N0V-85 3-Oct-65 9-Sep-85 2-Auo-85' 10-Jul-85 3-Jun-65 1-Mav-85 l-Nov-84 3-Oct-64 6-S 60-84 IO-Auo-84 3-JUI-84 8-Jun-64 1-Nov-83 6-Oct-83 2-Sep-63 2-Auo-83 e-Jul-83 8-Jun-83 31-Jan-03 3-Jan-83 3-D8C-62 1-Nov-82 l-Oct-82 30AU0-62 2-AUO-82 1-Jul-62 1-Jun-82 29-Aor-82 
Cu . - - - - - - - . - - - . . - . . - . . - . . . 
Hg <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 " <0.005 <0.005 <0.005 <0005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0005 <0.005 <0.005 - <0.005 <0005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 

Mn-T 0.84 0.58 0.7 1.2 0.6 14 1.6 1.7 2 0.95 0.1 0:57 0.23 046 0.17 0.17 048 0.22 0.53 1.4 - 3.2 045 9.5 1.4 6 8.1 3 3.1 033 
Pb-T 0.02 0033 0.042 0 067 0.067 0.042 0.02 005 0.1 0.05 0067 0.067 0.053 0.033 0.05 0,05 0.05 0.05 0.067 0.05 - 007 0.05 0.03 0.05 0.08 0.07 0.08 008 008 
Pb-D - - - - - - - - - - - - - - - . - - . - . - • - . - - . . . . 
Zn-T - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Zn-0 - - - - - - . - - - - - - - . - - - - - . - - . . . . 
Cn <0 004 <0.004 <0.004 <0.004 <0 004 0004 <0.004 <0.004 0.014 <0.004 <0.004 <0.004 0.004 <0004 0.007 0.016 <0.004 0.006 <0.004 <0.004 - <0.004 0.004 <0.004 <0.004 0.007 0.006 0.019 0.034 <0.004 

TDS 687 g"«» POO 1277 1570 1610 1372 1520 1418 870 1166 581 1717 1533 655 1419 1809 1867 1762 1604 1010 . 1343 639 1192 881 1079 2016 1640 1517 638 
T8S - - - - - - - - - - - - - - - - - - - - - - • - - - - • - -

Date 25-Sep-S6 30-Jun-S8 25-S6P-97 24-Jun-97 26-Sep-96 27-Jun-96. 27-Sap-95 21-Jun-85 21-Seo-94 29-Jun-94 l5-Dec-93 29-S6D-93 14-Jur>-93 8-Sep-92 19-Mar-92 31-Oct-91 14-Jun-91 3-Apr-91 30-NOV-90 9-Sep-87 3^Aua-07 7-Jul-67 5-Jun-87 6-Mav-87 5-Nov-86 10-Oct-86 3-SBD-86 10-Auo-86 l-Auo-86 1-Jut-86 5-Jurv66 
Cu <0.008 <0.008 0.009 <0.008 0.011 <0.008 . . .• . . - . . . - . - . - • - - . . . . . 
Hg <0 0002 <0.0002 <0.0005 <0.0005 <0:0005 <0.0005 - - - - - - - - - - - - <0.005 <0.005 <0.005 - <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 

Mn-T 03 0 45 0.2 0.7 0.35 036 0 26 0 21 0.16 0.4 0.21 0.25 0.43 0.56 0.21 0.057 0.12 022 0.18 0.32 011 019 0.24 - 0.3 0.23 0.37 0.93 0057 011 
Pb-T <0.01 0.05 <001 0.033 0.042 0.016 : <0.01 0 01 0033 0.033 0.033 0.05 0.025 0.22 0.043 0.033 0.09T 0.08 <0.02 0.13 0058 0.12 0.12 0.14 0.27 0.083 0.05 0.05 0.02 0.04 
PW> . . . . . . . - . . . . - - . . - - . - - - 0.025 . - . . . . 
Zn-T 0.37 1 0 33 0:56 0.44 0.83 0.78 045 0.62 0.85 1.2 0.67 1.6 082 0 86 0.77 0.63 0.83 0.82 - - - • 075 . - - - - -

Zn-D . - . . . - - . . . . . . . . - - - - - - 037 - - . - . 
Cn - - - . - - - . - . . . - . - - - <0.004 <0.005 <0004 <0004 0.005 <0.004 <0.004 <0004 <0.004 <0.004 

TDS . - - - - - - . . . . . . - . - - - 723 655 915 750 886 636 629 656 569 285 
TSS - - - - - - - - - - - - - - - - - * - - - - 3.7 - - • - - - -

in 
E; 

I 
I 
s 
in 

Date 1-Mav-86 7-Apr-86 4-Nov-85 3-Oct*85 9-Sep-85 2-Aua-85 10-Jul-65 3-Jun-85 1-Mav-85 1-Nov-84 3-Oct-84 6-Sep-64 10-Aua-84 3-Jul-84 8-Jun-84 1-Nov-83 e-Oct-83 2-S6D-83 2-AUO-S3 e-Jul-83 8-Jun-83 31-Jan-63 3-Jan-83 3-D0C-82 1-Nov-82 1-Oct-82 3O-Auo-02 2-AUO-82 1-Jul-82 1-Jun-82 29-ADT-82 
Cu . . . . . . . . . . . . . . . . - - - - - . - . . . . . . 
Hg <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0005 <0.005 <0005 <0.005 <0.005 2.1 <0.005 <0.005 <0.005 <0.005 0.0084 <0.005 <0.005 <0.005 0.0033 - - - <0.005 <0.005 <0.005 <0.005 <0.005 00022 <0005 

Mn-T 0073 0.33 035 015 0.18 0:23 042 0.083 0.21 0.1 0.5 0.35 0.83 072 0.12 0.08 0.68 042 013 0:3 032 - - 022 0.38 0.2 0.32 0.27 048 025 
Pb-T <002 0.017 005 0.05 0.067 0.033 0.03 0.05 0.083 0.067 005 0.62 0.067 0.1 0.12 007 0.5 0.17 0.05 0.05 056 - - 0.05 0.1 0.03 005 0.08 1 018 
Pb-0 . . - - - - . . . . . . . . - _ . . - - - - - . . . . - . 
&-T - . - - - . _ . . . - . . - . . - - - - - - • ^ . - . - - . -

Zn-0 . . - . . . . . . . . . . . ' - . . . - - - - - - . . . . 

Cn <0004 <0.004 <0 004 <0.004 <0 004 <0.004 <0 004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0 004 <0.004 <0.004 <0.008 0.007 0.005 <0.004 <0.004 - - - <0.004 <0.004 <0.004 <0.004 <0004 <0004 <0004 
TDS 590 772 664 603 709 646 782 470 652 589 1524 481 1122 684 403 595 580 801 689 476 295 - - . 598 552 1506 708 596 330 329 
TSS - - - - - - - - - - - - - - - - - - - * - - - ' - - - - - -

Refer lo Figure 3 1 for sample locations. 



Table 3.2: Richarson Flat Groundwater Results, 
1982 to 1987 and 1991 to 1998 

All units are In mgfl except pH (standard units). 

Date 25-Sep-98 30-Jun-98 25-Sep-97 24-Jun-97 26-Sep-96 27-Jun-96 27-Sep-95 21-Jun-95 21-Sep-94 29-Jun-94 15-Dec-93 29-Sep-93 14-Jun-93 8-Sep-92 19-Mar-92 31-Oct-91 14-Jun-91 3-Apr-91 9-Sep-87 3-AUS-87 7-JuMI7 5-Jun-87 6-May-87 2-Oec-86 5-Nov-86 IO-Oct-86 3-Sep-86 1-Aug-B6 l-Jut-86 5-Jun-86 
Cu <0:008 <0.008 0.012 <0.008 0.011 <0:008 - - - - - - - - - - - - - - - - - . - - _ . . . 
HB <0.0002 <0.0002 <0.0005 <0.0005 <0.0005 <0.0005 - - - - - - - - - - - - <0.0005 <0.0005 <0.0005 - <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0:0005 <0.0005 <0.0005 
Mn - - - - - - - - - - - - - - - - - - 01067 0.11 0.052 0.47 0.25 0.27 0.14 0.05 0:017 0.092 0.16 0.11 

Mn-D 10 8.9 9.1 9.4 8.7 0.65 0.6 0.71 0.65 0.56 0.48 1.1 0.63 33 0.18 0.062 <0.02 0.1 - - - - - - - - - - - -

Pb - - - - - - - - - - - - - - - - - - 0.067 0.035 0:033 0.083 0.08 0.083 0.033 0.05 0.05 0.04 0.05 0.017 
Pb-D.TR <0.01 <0.01 <0.01 <0.01 <0.01 0.016** <0.01 <0.01 0.033" 0.033" 0.033" 0.033" <0:02 <0.1 <0.02 0.02 0.57 0.02 - - - - - - - - - - - -

Zn-0 0.038 0.049 0.025 0.12 0.19 0.016 0.027 0.049 0.023 0.01 0.042 0.11 0:041 <050 0.25 0.018 0.039 0.017 - - - •  - - - - - . . . . 
PH 7.2 7.4 6 9 6.9 66 7 8 7.3 7.3 7.8 7.1 7.1 6.9 7.7 7.8 7.8 7.6 7.7 - - - - - - - - - - - -

TDS 730 1575 2044 1836 1919 1212 1124 1101 1093 1083 1082 1068 596 1732 901 826 750 842 841 919 843 1100 1041 1143 1433 1163 1216 1182 1169 1171 
Cn - - - - - - - - - - - - - - - - - - <0.004 <0.004 <0.004 0.006 <0.004 <0.004 <0.004 0.008 <0.004 <0.004 0.013 <0.004 

Date 25-Sep-98 30-Jun-98 25-Sep-97 24-Jun-97 26-Sep-96 27-Jun-96 27-Sep-95 21-Jun-95 21-Sep-94 29-Jun-94 15-Dec-93 29-Sep-93 14-Jun-93 8-Sep-92 19-Mar-92 31-Oct-91 14-Jun-91 3-Apr-91 9-Sep-87 3-Aug-87 7-JUI-87 5-Jun-87 B-May-87 2-Dec-86 5-NOV-86 IO-Oct-86 3-Sep-86 I-AUQ-86 1-Jul-86 5-Jun-88 
Cu <0.008 <0.008 0.012 <0.008 0.008 <0.008 - - - - - - - - - - - - - - - . . . - . . . 
Hfl <0.0002 <0.0002 <0.0005 <0.0005 <0.0005 <0.0005 - - - - - - - - - - - <0.005 <0.005 <0.005 - <0:005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 
Mn - - - - - - •  - - - - - - - - - - - 6.2 4.8 5.4 5 4 2 4.5 2.9 1.7 4 2.5 0.95 2.6 

Mn-D 0.85 076 0.75 0.78 0.72 7.7 6 4.6 6.6 4.7 7.3 6.4 5 3.8 3.7 2.2 2.1 - - - - - - - - - - - -

Pb - - - - - - - - - - - - - - - - - 0.05 0.02 0.083 0.1 0.053 0.067 0.033 0.067 0.033 0.05 0.033 0.03 
Pb-D.TR <0.01 <0.01 <0.01 <0.01 <0:01 <0.01 <0.01 0.025" 0.05" 0.05" 0.05" 0.033" <0.02 0.02 0.02 0.062 0.03 - - - - - - - - - - - . 

Zn-0 0.034 0.034 0.035 0.03 0.017 0:017 0.033 0.037 0.054 0.023 0.047 0.11 0.033 0.17 0.047 0.065 0.08 - - - - - - - - - . . . 
PH 7.2 7.4 6.8 6.9 6.7 6.9 8 7:3 7.2 7.9 7.1 7.2 7.1 7.7 7.9 7.7 7.7 - - - - - - - - - - - -

TDS 1736 1153 1335 1344 1145 1610 1588 1071 1775 1445 1629 1600 741 1479 1711 14321 1681 1639 1490 1374 1500 1458 1622 2046 1755 1539 1516 1438 1338 
Cn - - ' - - - - - - - - - - - - - - - <0.004 <0.004 <0.004 0.005 0.005 0.004 <0.004 <0.004 <0.004 0.007 0.004 0.006 

Date 25-Sep-98 30-Jun-98 25-Sep-97 24-Jun-97 26-Sep-96 27-Jun-96 27-Sep-95 21-Jun-95 21-Sep-94 29rJun-94 15-Dec-93 29-Sep-93 14-JUn-93 8-Sep-92 19-Mar-92 31-0ct-91 14rJunr9.1 3-Apr-91 9-Sep-87 3-Aug-67 7-Jul-87 5-Jun-87 6-May-87 2-Dec-86 S-Nov-86 IO-Oct-86 3-Sep-66 1-Aug-86 l-Jul-86 5-Jun-8B 
Cu 0.009 <0.008 0.014 0.008 0.015 <0.008 - - - - - - - - - - - - - - - - - - - - - - -

Hfl <0.0002 <0:0002 <0.0005 <0.0005 <0.0005 <0.0005 - - - - - - - - - - - <0.005 <0.005 <0.005 - <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 
Mn - - - - - - - - - - - - - - - - - 9.8 11 12 11 6.2 0.23 11 9.4 7.5 8.4 9.4 11 

Mn-D 7.2 2.2 6.9 2.1 2 3 4.1 5.7 4.3 3.1 3.6 4.8 7.7 7.4 4.7 11 7.7 - - - - -• - - - - - - -

Pb - - - - - - - - - - - - - - - - - 0.067 0.035 0.05 0.083 0.017 0.05 0.067 0.083 0.067 0.067 0.17 0.017 
Pb-O, TR <0.01 0.018" 0.018" 0.046" 0.033" 0.016" <0.01 <0.01 0.05" 0.05" 0.033" 0.033" <0.02 <0.02 <0.02 0.11 0.05 - - - - - - - - - - - -

Zn-D 0.068 0.11 0.044 0.064 0.035 0.095 0.066 0.034 0.03 0.058 0.12 0.12 0:47 0.28 0.35 0.12 0.05 - - - - - - - - - - - -

PH 2.7" 7.4 7.3 6.7 6.6 7 7.3 6.4" 7.2 7.2 7 6.9 6.8 3.1" 7.8 5.6" 5" - - - - - - - - - - - -

TDS 819 1783 2150 1848 1543 1879 2448 2591 1896 2260 2168 2175 2690 1911 2289 2190 2348 2583 2593 2556 2700 1902 689 2913 2531 2553 2563 1609 2559 
Cn - - - - - - - - - - - - - - - - - 0.28 0.4 0:41 0.96 0.78 0.004 1.1 0.9 99 0.9 0.96 . . .  1  

Date 25-Sep-98 30-Jun-98 25-Sep-97 24-Jun-97 26-Sep-96 27-Jun-96 27-Sep-95 21-Jun-95 21-Sep-94 29-Jun-94 15-Dec-93 29-Sep-93 14-Jun-93 8-Sep-92 19-Mar-92 31-0ct-91 14-Jun-91 3-Apr-91 9-Sep-87 3-Aug-87 7-JUI-87 5-Jun-87 6-May-87 2-Dec-86 5-NOV-86 10-Oct-86 3-Sep-86 1 -Aug-86 1-jutee 5-Jun-86 
Cu 0.009 <0.008 0.014 <0.008 0.015 <0.008 - - - - - - - - - - - - - - - - - - - - - . -

Hfl <0:0002 <0.0002 <0.0005 <0.0005 <0.0005 <0.0005 - - - - - - - - - - - <0.005 <0.005 <0.005 - <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.006 
Mn - - - - - - - - - - - - - - - - 14 15 16 16 14 1.6 13 12 12 14 15 15 

Mn-D 15 9.1 5.8 9.6 9.7 7.3 2 1.9 1.9 0.7 3.2 3 8.5 8.4 6.7 15 10 - - - - - - - - - - - -

Pb - - - - - -  • •  - - - - - - - - - - - 0.15 0.033 0.067 0.12 0.12 0.067 0.083 0.083 0:067 0.067 0.087 0.017 
Pb-D.TR 0.015 0.018" 0.031" 0.047" 0.027** <0.01 <0.01 <0.01 0.033" <0.02 0.033 0.05 <0.02 <0.02 0.05 0.14 0.03 - - - - - - - - - - - -

Zn-D 1.9 1 0.27 1 1.9 0.64 0.052 <008 0.057 0.029 0.22 0.21 1.2 0.21 0.75 0.084 0.067 - - - - - - - - - - - . 
PH 4.1" 7.7 7.2 8.7 6.6 7 6.5 6.8 69 8.8 8.5 6.3" 6.9 8.7 3:9" 5" 5.5" - - - - - - - - - - - -

TDS 1900 2006 1926 2087 1849 1715 1610 1794 1287 1000 1751 1714 1114 651 2026 2225 2344 2435 2460 2318 2400 2509 1989 3102 2464 2498 2467 2465 2407 
Cn - - - - - •- • - - - - - - - - - - - <0.004 <0.004 <0.004 0.006 0.005 <0.004 <0.004 0.005 0.006 0.005 0.004 0.005 

5 

o 
S 
CO 

Date 25-Sep-98 30-Jun-98 25-Sep-97 24-Jun-97 26-Sep-96 27-Jun-96 27-Sep-95 21-Jun-95 21-Sep-94 29-Jun-94 15-Dec-93 29-Sep-93 14-Jun-93 8-Sep-92 19-Mar-92 31-Oct-91 14-Jun-91 3-Apr-91 9-Sep-87 3-Aug-87 7-JUI-87 5-Jun-87 e-May-87 2-Dec-86 5-Nov-86 10-Oct-86 3-Sep-86 1-Aug-86 1-Jul-86 5-Jun-86 
Cu <0.008 <0.008 0.038 0.008 <0.008 <0.08 - - - . - - - - . . - - - - - - - - - - - . - -

Hfl <0.0002 <0.0002 <0.0005 <0.0005 <0.0005 <0.0005 - - - - - - - - - - - - <0.005 <0.005 <0:005 - <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0:005 <0.005 
Mn - - - - - - . - - - - - - - - . - - 1.9 1.3 1.7 2 2.5 0.13 1.8 1.9 1.7 2 2.6 2.8 

Mn-0 94 1.1 1.1 1.2 0.93 0.84 2.2 1.2 1.1 0.92 1.3 1.1 0.49 7 1.3 2.2 1.1 2.5 - - - - - •  - - - - - - -

Pb - - - - - - . - - - - - - - . - - - 0.033 0.02 0.033 0.05 <017 0.12 0.067 0.083 0.087 0.083 0.087 0.023 
Pb-O, TR <0.01 <0.01 <001 0.027" <0.01 <0.01 <0.01 <0.01 0.05" <0.02 0.05" 0.033" <0.02 <0.1 <0.02 0.033 0.056 <0.02 - - - - - - - - - - - -

Zn-D 0.061 0.036 0.039 0.019 0.043 0.052 0.029 <0.008 0.013 0.018 0.035 0.07 0.017 <0.05 0:21 0:03 0.017 01017 - - - - - - - - - - - -

pH 7.1 8.2 7.1 7.1 7 7.2 7.4 6.9 7 7.4 7 7 6.6 7.8 67 7.4 7.1 7 - - - - - - - - - - - -

TDS 1354 1076 1225 687 1150 954 641 685 587 582 529 576 172 1131 851 1516 893 630 974 1226 1135 2460 , 1130 680 1588 1354 1402 13S9 1489 1463 
Cn - - - - - - - - - - - - - - - - - - - - 0.022 - 0.10 <0.004 0.088 0,18 0.088 0.33 0.2 0.19 

** Value exceeds Utah GW Quality Standard 
Refer to Plate 1. Weston Report, Appendix A for monitor well locations 



Table 3.2: Richardson Flat Groundwater Results (continued) 
1982 to 1987 and 1991 to 1998 

All units are In mg/l except pH (standard units). 

Date l-May-86 7-Apr-aO 4-NOV-85 3-0CI-85 B-Sep-85 2-Aug-86 10-Jul-85 3-Jun-85 l-Msy-85 l-Nov-84 3-Oct-84 6-Sep-84 10-AU9-84 3-JUI-84 8-Jun-84 l-Nov-83 6-Oct-83 2-Sep-83 2-Aug-83 6-Jul-83 8-Jun-83 3-Jan-83 3-Dec-82 l-Nov-82 t-Oct-82 30-Aug-82 2-AUQ-82 t-Jut-82 1-Jun-82 29-Apr-82 
Cu - - - - - - - - - - - - - - - - - - . . . . . . . - . -

Hfl <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0 0005 <0.0005 
Mn 0.073 0.18 0.05 0.13 0.17 0.96 0.45 0.57 0.17 0.083 0.3 0.25 0.35 0.32 0.1 0.35 0.37 0.42 0.9 0.53 0:88 0.4 0.27 0.53 0.52 0.68 0.57 0.57 

Mn-D - - - - - - - - - - - - - - - - - - - - - . - - - • - -

Pb 0.03 0.025 0.042 0.087 0.05 0.042 0.02 0.067 0.087 0.05 0.033 0.067 0.087 0.05 0.067 0.05 0.05 0.083 0.083 0.05 0.067 0.05 0.07 0.07 0.03 0.07 0.08 0.07 
Pb-D, TR - - - - - - - - - - - - • - - - - - - - - • - - • - . . 

Zn-D - - - - - - - - - - - - - - - - - - - - • . . - . . . . 
pH - - - - - - - - - - - - - - - - - - - - - - - - - - - • 

TDS 1193 1262 1208 1223 1243 1187 1189 1210 1201 1412 1349 1344 1431 1297 1334 1322 1471 1516 1359 1344 1281 1274 1216 1435 1429 1310 1288 1238 
Cn <0.004 <0.004 0.004 0.004 0.004 0.006 0.008 0.012 <0.004 0.28 0.008 0:01 0.007 0.007 0.006 0.067 0.025 0.016 0.036 0.017 0.024 0.035 0.03 0.032 0.032 0.021 0.027 0.027 

Date 1-May-86 7-Apr-88 4-NOV-85 3-Oct-85 g-Sep-85 2-Aug-86 10-Jul-85 3-Jun-85 1-May-85 l-Nov-84 3-Oct-84 6-Sep-84 10-AUS-84 3-JUI-84 8-Jun-84 l-Nov-83 6-Oct-83 2-Sep-83 2-Aug-B3 6-Jul-63 B-Jun-83 3-Jan-83 3-Dec-82 1-NOV-82 t-Oct-82 30-Aug-B2 2-Aug-82 t-Jul-82 l-Jun-82 29-Apr-82 
Cu - - - - - - - - - - - - - - - - - - - - - . . - . - - . 

29-Apr-82 

Hg <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0:005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.0005 <0.0005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 
Mn 0.95 0.37 2.1 3:2 3.6 0.83 1.9 3.3 2.1 3.8 3.4 0.42 1.8 0.87 2.6 4.2 3:8 3.4 1.5 1.2 3.8 6.6 5:7 0.9 4.4 3.3 2.8 2.8 3 2.8 

Mh-D - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Pb 0.02 0.017 0.05 0.067 0.05 0.05 0:02 0.067 0.05 0.05 0.067 0.05 0.083 0.067 0.067 0.07 0.067 0.05 0:05 0:067 0.12 0.12 0.1 0.05 0.05 0.07 0.05 0.08 0.08 0.08 
Pb-D.TR - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Zn-D - - - - - - - - - - - - - - - - - - - - . - . . - - - . . 
PH - - - - - - - - - - - - - • - - - - - - - - - - - - - - - -

TDS 1174 1166 1551 1484 1475 1342 1339 1173 1109 1524 1876 1576 1722 1401 1189 1879 2168 2164 1682 1540 1625 1871 2335 2148 1928 2058 1876 1630 1492 1285 
Cn <0.004 <0.004 <0.004 0.004 0.005 0.004 0.006 0.006 <0.004 0.005 0.004 <0.004 <0.004 <0.004 0.004 0.025 0.022 0.006 0.02 0.01 0.016 0.008 0.004 0.0004 <0.004 0.009 0.016 <0.004 0.013 0.01 

Date l-May-86 7-Apr-86 4-NOV-85 3-Oct-85 g-Sep-85 2-Aug-86 IO-Jul-85 3-Jun-85 1-May-85 1-Nov-84 3-Oct-84 6-Sep-84 IO-Aug-84 3-Jul-84 a-Jun-84 l-Nov-83 6-Oct-83 2-Sep-83 2-Aug-83 6-JuW3 8-Jun-83 3-Jan-83 3-Dec-82 1-NOV-82 1-Oct-82 30-AU0-82 2-Aug-82 1-Jul-82 1-Jun-82 29-Apr-82 
Cu - - - - - - - - - - - - - - - - - - - - . . - - . . 

29-Apr-82 

Hg <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 0.0007 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0005 <0.005 <0.005 <0.005 <0.005 <0.005 • , <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 
Mn 12 9.3 12 12 7.5 10 7.5 8.6 9.7 11 8 10 8.8 8 9.2 8.3 10 9.8 5.9 4.5 3.2 6.1 7.7 8.3 3.3 2 

Mn-D - - - - - - - - - - - - - - - - - - - - - - - - - -

Pb 0.05 0.087 0.067 0.13 0.067 0.067 0.02 0.1 0:067 0.067 0.1 0.099 0.1 0.1 0.18 0.2 0.4 0.12 0.067 0.13 0.18 0.1 0.07 0.07 0.12 0.12 
Pb-D.TR - - - - - - - - - - - - - - - - - - - - - - - - - -

Zn-D - - - - - - - - - - - - - - - - - - - - - - - - -

PH - - - - - - - - - - - - - • - - - - - - - - - - - - -

TDS 2482 2532 2851 2659 2662 2583 2516 2194 2569 2693 2648 2713 2660 2183 2667 2666 2625 2685 2120 1893 2908 2232 2800 2879 2230 1019 
Cn 0.12 1.2 1.6 1.2 0.91 2.2 2.9 2.3 0.006 2.1 1.4 1.6 1.4 0.73 4.7 1.6 2.1 8.4 1.6 1.7 1.2 2.5 3.7 2.5 2.2 0.056 

Data l-May-86 7-Apr-86 4-N0V-85 3-Oct-85 9-Sep-85 2-Aug-86 IO-Jul-85 3-Jun-85 1-May-85 l-Nov-84 3-Oct-84 6-Sep-64 IO-Aug-84 3-Jul-84 B-Jun-84 l-Nou-83 6-Oct-83 2-Sep-83 2-Aug-83 6-Jul-83 8-Jun-83 3-Jan-63 3-Dee-62 l-Nov-82 l-Oct-82 30-Aug-82 2-AU0-82 1-Jul-82 l-Jun-82 29-Apr-82 
Cu - - - - - - - - - - - - - - - - - - - - - - • - - - - - -

Hg <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0:005 <0.005 
Mn 14 10 11 13 9.2 15 11 14 8 12 16 13 13 12 9.3 12 B13 10 9.2 3.2 0.27 2 9.3 7.8 10 8.3 2.7 0.27 

Mn-D - - - - - - - - - - - - - ' - - - - - - - - - - - - - -

Pb 0.05 0.05 0.067 0.087 0.067 0.083 0.02 0.1 0.067 0.13 0.1 0.1 0.23 0.1 0.1 0.1 0.12 0.43 0.17 0.033 0.05 0.05 0.17 0.2 0.22 0.15 0.13 0.12 
Pb-O, TR - - - - - - - - - - - - - - - - - - - - - - - - - - -

Zn-D - - - - - - - - - - - - - - - - - - - - - - - - - - - -

PH - - - - - - • •  - - - - - - - - - - - - - - - - - - - - -

TDS 2188 2220 2835 2667 2401 2438 2333 2546 2349 2697 2840 3039 2746 2781 2324 2838 2508 2261 3844 684 73 1450 3032 2315 1197 2101 883 98 
Cn <0:004 <0.004 0.006 0.005 0.008 0.011 0.015 0.007 <0:004 0.35 0:008 <0.004 <0.004 0.005 0.005 0.024 0.03 <0.004 0.2 0:01 <0.004 <0.004 0.008 0 0.01 0.006 <0.004 <0.004 

Data l-May-86 7-Apr-86 4-NOV-85 3-Oct-85 9-Sep-85 2-Aug-86 10-Jul-85 3-Jun-85 l-May-85 1-N0V64 3-OCI-84 6-Sep-84 IO-Aug-84 3-Jul-84 SrJun-84 1-N0V83 6-Oct-83 2-Sep-83 2-Aug-83 6-JUI-83 8-Jun-83 3-Jan-83 3-Dec-82 l-Nov-82 1-Oct-82 30-Aug-82 2-AU0-82 1-JUI-82 l-Jun-82 29-Apr-82 
Cu . . - - - . . - - - - - - - - - - - - - - - - - - - -

Hg <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 0.0005 <0.005 <0.005 <0.005 <0.005 0.0005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0:005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 
Mn 2.7 2.8 2.4 2.4 2.4 2.9 3.7 4 4.2 3.1 3.2 3.5 4 3.8 2.8 3.2 2.7 2.9 3.7 3.7 1.7 2.5 1.7 3.7 3 2.1 1.1 

Mn-D - - - - - - - - - - - - - - - - - - - - - - - - - - -

Pb 0.02 0.033 0.05 0.033 0.033 0.067 <0.020 0.1 0.05 0.05 0.067 0.13 0.13 0.067 0.067 0.07 0.05 0.13 0.083 0.05 0.05 0.03 0.08 0.15 0.12 0.27 0.28 
Pb-D.TR . - - - - - - - - - - - - - - . - - - - - - - - - - -

Zn-D . . . - - - . - - - . - . - - . - - - - - - - - - - -

PH - - - - - - - - - - - - - - . - - - - - - - - - - - - -

TDS 1526 1212 1298 1319 1314 1310 1304 1458 1281 1448 1417 1520 1510 1597 1080 1422 1288 1322 2201 1260 644 1433 936 2973 1141 972 1725 
Cn 0.008 0.19 0:25 0.086 0.29 0.98 0.92 0.019 0.92 0.008 0.55 0.31 0.53 0.26 0.22 0.018 0.51 0.52 4.6 0.08 0.032 0.74 0.026 0.06 0.054 <0.004 0.01 

" Value exceeds Utah GW Quality Standard 
Rater to Plate 1, Weston Report, Appendix A for well locations 

P»OP 7 r>f *> 



Table 3.3: Comparison of 1985,1992, and 1998 Groundwater 
All units are in mg/l except pH (standard units). 

Data 

 ̂ Location: Well RT-1 
V Date September, 198S 1 August, 19921 

Sample ID RF-GW-1 RF-GW -04 
Total Dissolved Total Dissolved 

Aluminum 1.04 <0.03 15.7 0.191 
Antimony <0.005 <0.005 0.02436 0.0332 
Arsenic <0.005 <0.005 0.0037 0.0036 
Barium 0.083 0.076 0.196 0.0939 

Beryllium <0.01 <0.01 0.0013 0.0009 
Cadmium <0.005 <0.005 0.0033 0.0033 
Calcium 0.045 0.047 42.2 43.5 

Chromium <0.005 <0.005 0.0105 0.0078 
Cobalt <0.005 <0.005 0.011 0.006 
Copper <0.005 <0.005 0.03 0.171 

Iron 0.955 <0.01 14.1 0.151 
Lead <0.03 <0.03 0.627 0.0409 

Magnesium 0.909 0.908 12.2 0.0088 
Manganese 0.02 0.011 0.162 0.0195 

Mercury <0.0001 <0.0001 0.0002 0.0002 
Nickel <0.03 <0.03 0.013 0.0111 

PH - - - -

Potassium - - 1.39 1.36 
Selenium <0.005 <0.005 0.003 0.003 

Silver <0.005 <0.005 0.0024 0.01 
Sodium 0.016 0.016 16.1 16.8 

TDS - - - -

Thalluim <0.1 <0.1 0.0016 0.0016 
Tin - - - -

^Hnadium <0.01 <0.01 0.0357 0.0357 
^ Zinc <0.005 0.006 0.136 0.0201 

Cyanide <0.01 - - -

Sulfate 0.035 - - -

Location: Well MW-1 
Date September, 19851 August, 19921 September, 19982 

Sample ID RF-GW-3 RF-GW-05 MW-1 
Total Dissolved Total Dissolved Total Dissolved 

Aluminum 80.7 <0.03 2.69 0.0496 - -

Antimony <0.005 <0.005 0.0243 0.0405 - -

Arsenic 0.076 <0.005 0.0052 0.0036 - -

Barium 1.534 0.104 0.0996 0.064 - -

Beryllium - <0.01 0.0034 0.0018 - -

Cadmium 0.042 <0.005 0.0033 0.0033 - -

Calcium 0.352 0.254 191 196 - -

Chromium 0.095 <0.005 0.0078 0.0078 - -

Cobalt 0.046 0.01 0.0075 0.006 - -

Copper 1.583 <0.005 0.03 0.Q2 <0.008 -

Iron 126 0.376 3.18 0.0626 - -

Lead 0.588 <0.03 0.0156 0.0022 - <0.01 
Magnesium 0.088 0.056 44.2 41.8 - -

Manganese 2.23 0.924 0.89 0.684 - 10 
Mercury 0.0007 <0.0001 0.0002 0.0002 <0.0002 -

Nickel 0.088 <0.03 0.0111 0.0249 - -

PH - • - - - 7.2 -

Potassium - - 6.06 5.53 - -

Selenium <0.005 <0.005 0.015 0.015 - -

Silver <0.005 <0.005 0.0024 0.01 - -

Sodium 0.044 0.042 38.1 35.7 - -

TDS - - - - 730 
Thalluim <0.1 <0.1 0.0016 0.0016 - -

Tin - - - - - -

Vanadium 0.262 <0.01 0.0357 0.0357 - -

Zinc 0.65 <0.005 0.0995 0.0144 - 0.038 
Cyanide <0.1 - - - - -

Sulfate 0.625 - - - • - -

| Location: Well MW-6 | 
I Date | September, 19851 August, 19921 | September, 19982 | 

1111 ;lTl 1 RF-GW-2 I RF-GW-09 | I MW-6 I 
Total Dissolved Total Dissolved Total Dissolved 

Aluminum 4.92 <0.03 1.63 0.0685 - -

Antimony 0.063 <0.005 0.0284 0.0359 - -

Arsenic 0.349 0.009 0.0113 0.0088 - -

Barium 2.665 0.099 0.0583 0.0462 - -

Beiyllium <0.01 <0.01 0.0049 0.0037 - -

Cadmium 0.016 <0.005 0.0033 0.0033 - -

Calcium 0.314 0.307 318 365 - -

Chromium 0.042 <0.005 0.0078 0.0078 - -

Cobalt 0.08 0.067 0.009 0.006 - -

Copper 0.19 <0.005 0.02 0.02 <0.008 -

Iron 26.3 14.8 3.19 2.17 - -

Lead 1.08 <0.03 0.031 0.0022 - <0.01 
Magnesium 0.072 0.07 52.5 55 - -

10.4 9.99 6.67 7.42 - 9.4 
Mercury 0.0001 <0.0001 0.0002 0.0002 - <0.0002 
Nickel 0.03 <0.03 0.0256 0.0289 - -

PH - - - - 7.1 -

Potassium - - 3.29 3.01 - -

Selenium <0.005 <0.005 0.015 0.015 •- -

Silver 0.017 <0.005 0.0033 0.01 - -

Sodium 0.054 0.052 0.486 49.7 - -

TDS - - - - - 1354 
Thalluim <0.1 <0.1 0.0016 0.0016 - -

Tin - - - - - -

Vanadium 0.017 <0.01 0.0357 0.0357 - -

Zinc 2.79 0.144 0.0925 0.0131 - 0.061 
Cyanide 0.2 - - - - -

Sulfate 0.775 - - - - -

1 Data collected by EPA contractor, E&E in 1984 and 1992 
2 Data collected by United Park 

UTAH GROUND WATER QUALITY STANDARDS (units mg/l, standards for dissolved metals) 

METALS 
Arsenic 0.05 
Barium 2.0 

Cadmium 0.005 
Chromium 0.1 
Copper 1.3 

Lead 0.015 
Mercury 0.002 
Selenium 0.05 

Silver 0.1 
Zinc 5.0 
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Table 3.4: Richardson Flat Surface Water Sample Data, May 19, 1999 and June 9,1999 

Sample 
Location 

Utah Water 
Quality Standa rds Arsenic11' Cadmium Chromium111 Copper Lead Mercury Selenium Silver Zinc 

RF-6 
19-May-99 

Diversion Ditch 

Aquatic Wildlife 

Criteria121 

Chronic 0.19 0.004 0.812 0.049 0.026 0.000012 0.005 N/A 0.436 RF-6 
19-May-99 

Diversion Ditch 

Aquatic Wildlife 

Criteria121 Acute 0.36 0.026 0.81 0.085 0.683 0.0024 0.02 0.072 0.481 

RF-6 
19-May-99 

Diversion Ditch Lab Results Dissolved <0.020 <0.001 <0.020 <0.010 <0.005 <0.0005 <0.005 <0.010 0.15 
RF-6-2 

9-Jun-99 
75' Downstream of RF-6 

Aquatic Wildlife 

Criteria121 

Chronic 0.19 0.004 0.812 0.049 0.026 0.000012 0.005 N/A 0.436 RF-6-2 
9-Jun-99 

75' Downstream of RF-6 

Aquatic Wildlife 

Criteria121 Acute 0.36 0.026 6.81 0.085 0.683 0.0024 0.02 0.072 0.481 

RF-6-2 
9-Jun-99 

75' Downstream of RF-6 Lab Results Dissolved <0.020 <0.001 <0.020 <0.010 <0.005 <0.0005 <0.005 <0.010 0.02 
RF-7 

19-May-99 

Upstream Silver Creek 

Aquatic Wildlife 

Criteria'21 

Chronic 0.19 0.004 0.686 0.042 0.02 0.000012 0.005 N/A 0.363 RF-7 
19-May-99 

Upstream Silver Creek 

Aquatic Wildlife 

Criteria'21 Acute 0.36 0.02 5.76 0.07 0.526 0.0024 0.02 0.05 0.405 

RF-7 
19-May-99 

Upstream Silver Creek Lab Results Dissolved <0.020 0.002 <0.020 <0.010 <0.005 <0.0005 <0.005 <0.010 0.51 
RF-7-2 

9-Jun-99 

Upstream of RF-7 

Aquatic Wildlife 

Criteria'21 

Chronic 0.19 0.003 0.552 0.033 0.015 0.000012 0.005 N/A 0.292 RF-7-2 
9-Jun-99 

Upstream of RF-7 

Aquatic Wildlife 

Criteria'21 Acute 0.36 0.015 4.63 0.055 0.375 0.0024 0.02 0.032 0.322 

RF-7-2 
9-Jun-99 

Upstream of RF-7 Lab Results Dissolved <0.020 0.002 <0.020 <0.010 <0.005 <0.0005 <0.005 <0.010 0.89 
RF-8 

19-May-99 
Downstream Silver Creek 

Aquatic Wildlife 

Criteria'21 

Chronic 0.19 0.004 0.686 0.041 0.02 0.000012 0.005 N/A 0.366 RF-8 
19-May-99 

Downstream Silver Creek 

Aquatic Wildlife 

Criteria'21 Acute 0.36 0.02 5.76 0.07 0.526 0.0024 0.02 0.05 0.405 

RF-8 
19-May-99 

Downstream Silver Creek Lab Results Dissolved <0.020 0.002 <0.020 <0.010 <0.005 <0 0005 <0 005 <0.010 0.49 
RF-8 

9-Jun-99 
Downstream Silver Creek 

Aquatic Wildlife 

Criteria'21 

Chronic 0.19 0.003 0.572 0.034 0.015 0.000012 0.005 N/A 0.303 RF-8 
9-Jun-99 

Downstream Silver Creek 

Aquatic Wildlife 

Criteria'21 Acute 0.36 0.016 4.8 0.057 0.396 0.0024 0.02 0.032 0.335 

RF-8 
9-Jun-99 

Downstream Silver Creek Lab Results Dissolved <0.020 0.003 <0.020 <0.010 <0.005 <0.0005 <0.005 <0.010 0.85 
Aquatic Wildlife Criteria is based on Trivalent species of arsenic and chromium; the sample result is for all species of arsenic and chromium. 

(2) Utah Water Quality Standard for Stream Classification 3A (Aquatic Wildlife Criteria) for Dissolved Metals as related to Hardness 

Date Alkalinity 

19-May-99 122 
Calcium 

39 
Chloride 

15 

Cation/Anion 
Balance 

7.5 
Carbonate Bicarbonate 

122 

Hardness 
135.27 

pH (LAB) 
75 

Potassium 
<4 

Magnesium 

9.2 
Nitrite/Nitrate Sodium 

<0.1 18 
19-May-99 
19-May-99 
9-Jun-99 

19-May-99 
9-Jun-99 

19-May-99 
9-Jun-99 

19-May-99 
9-Jun-99 

9-Jun-99 
9-Jun-99 
9-Jun-99 
9-Jun-99 

198 
214 

140 

142 

96 

Flow (cfs) 
0.39 
0,39 
0.32 
3.17 

56 
153 
187 
122 
98 

126 
102 
82 
60 

30 
92 

220 

222 

300 

5.9 

<1 

<1 

<1 
<1 

<1 

<1 

198 
214" 

140 

142 

92 

197.48 
530.29 
644.01 
432.3 

331.18 
446 4 

345.29 
287 11 
219.85 

7.8 
7.7 

8 2 

8.4 

<4 
<5 
<4 
<4 
<4 
<4 
<4 
8.2 
<4 

14 
36 
43 
31 
21 
32 
22 
20 
17 

<0.1 

0.6 
0.16 
0.4 
0.24 
0.6 
0.27 
0.2 
0.1 

32 
54 
44 

110 
80 
110 
76 
177 
47 
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Sample 
Location Date Type 

Arsenic 
WQS*: 0.05 

Barium 
WQS: 1 

Cadmium 
WQS: 0.01 

Chromium 
WQS: 0.05 

Copper 
WQS: 1 

Lead 
WQS: 0.05 

Mercury 
WQS: 0.002 

Selenium 
WQS: 0.01 

Silver 
WQS: 0.05 

Zinc 
WQS" 

RF-1 19-May-99 Total <0.020 0.16 <0.001 <0.020 <0.010 <0.005 <0.0005 <0005 <0.010 0.027 RF-1 19-May-99 
Dissolved <0.020 0.15 <0.001 <0.020 <0.010 <0.005 <0.0005 <0 005 <0.010 0 047 

RF-2 19-May-99 Total <0.020 0.18 <0.001 <0.020 <0.010 0.005 <0.0005 <0.005 <0.010 0.038 RF-2 19-May-99 
Dissolved <0.020 0.17 <0.001 <0.020 <0.010 <0.005 <0.0005 <0.005 <0.010 0.042 

RF-3 19-May-99 Total <0.020 0.17 <0.001 <0.020 <0.010 <0 005 <0.0005 <0.005 <0.010 0.017 RF-3 19-May-99 
Dissolved <0.020 0.16 <0.001 <0.020 <0.010 <0.005 <0.0005 <0.005 <0.010 0.024 

RF-4 19-May-99 Total <0.020 0.09 0.002 <0.020 0.015 <0.005 <0.0005 <0.005 <0.010 1.1 RF-4 19-May-99 
Dissolved <0.020 0.14 <0.001 <0.020 <0.010 <0.005 <0.0005 <0.005 <0.010 0.95 

RF-5 19-May-99 Total <0.020 0.14 <0.001 <0.020 0.011 <0 005 <0.0005 <0 005 <0.010 0.9 RF-5 19-May-99 
Dissolved <0.020 0.14 <0.001 <0.020 <0.010 <0.005 <0 0005 <0 005 <0.010 0.85 

RF-6 19-May-99 Total <0.020 0.13 <0.001 <0.020 <0.010 <0.005 <0.0005 <0.005 <0.010 0.45 RF-6 19-May-99 
Dissolved <0.020 0.13 <0.001 <0.020 <0.010 <0.005 <0.0005 <0.005 <0.010 0.15 

RF-6 9-Jun-99 Total <0.020 0.17 0.003 <0.020 <0.010 0.028 <0.0005 <0.005 <0.010 0.85 RF-6 9-Jun-99 
Dissolved <0.020 0.18 0.002 <0.020 <0.010 <0.005 <0.0005 <0.005 <0.010 0.85 

RF-7 19-May-99 Total <0.020 0.11 0.003 <0.020 0.013 0.074 <0.0005 <0.005 <0.010 0.82 RF-7 19-May-99 
Dissolved <0.020 0.1 0.002 <0.020 <0.010 <0.005 <0.0005 <0.005 <0.010 0.51 

RF-7-2 9-Jun-99 Total <0.020 0.21 0.004 <0.020 <0.010 0.078 <0 0005 <0.005 <0.010 1.5 RF-7-2 9-Jun-99 
Dissolved <0.020 0 19 0.002 <0.020 <0.010 <0.005 <0 0005 <0.005 <0.010 0.89 

RF-8 19-May-99 Total 0.031 0.13 0.009 <0.020 0.038 0.34 <0.0005 <0.005 <0.010 1.7 RF-8 19-May-99 
Dissolved <0.020 0.1 0.002 <0.020 <0.010 <0.005 <0.0005 <0.005 <0.010 0.49 

RF-8 9-Jun-99 Total <0.020 0.17 0 003 <0.020 <0.010 0.028 <0 0005 <0.005 <0.010 0.85 RF-8 9-Jun-99 
Dissolved <0020 0.18 0.002 <0.020 <0.010 <0.005 <0.0005 <0.005 <0.010 0.85 

RF-9 19-May-99 Total <0.020 0.14 <0.001 <0.020 <0.010 <0.005 <0.0005 <0.005 <0.010 0.011 RF-9 19-May-99 
Dissolved <0.020 0.13 <0.001 <0.020 <0.010 <0.005 <0.0005 <0.005 <0.010 0.029 

RF-10 9-Jun-99 Total 0.021 0 26 <0.001 <0.020 <0.010 0 023 <0 0005 <0.005 <0.010 0.069 RF-10 9-Jun-99 
Dissolved <0.020 0 25 <0.001 <0.020 <0 010 0 009 <0.0005 <0.005 <0.010 0 009 

'Utah Water Quality Standard for Stream Classification 1C (Domestic Use Criteria) for Dissolved Metals. 
** There is no WQS for Stream Classification 1C for Zinc. 

All units are in mg/L except Flow (cfs) and pH (standard units). 



Table 5.2: Summary of Analytical Parameters for Water and Soil Samples 

WATER SAMPLES SOIL SAMPLES 
Analytical Parameters Method Reference 

Metals 
Ag, As, Cd, Fe 

Cu, Pb, Sb, Se, Zn 
SW-846 6010 EPA SW-846* 

Hg EPA 245.1 
/1631 

EPA Methods** 

Ions 
Ca, K, Mg, Na SW-846 6010 EPA SW-846* 

CI EPA 325.2 EPA Methods** 

Cation/Anion Balance - -

C03, HCO3 EPA 310.1 EPA Methods** 

no2, no3 EPA 353.2 EPA Methods** 

CO
 

O
 

SW-846 9036 EPA SW-846* 
Other Parameters 

Alkalinity EPA 310.1 EPA Methods** 

pH (lab) EPA 150.1 EPA Methods** 

pH (field) Digital pH Meter RMC SOP 

conductivity Digital Meter RMC SOP 

Hardness - -

TSS EPA 160.2 EPA Methods** 

TDS EPA 160.1 EPA Methods** 

Analytical Parameters Method Reference 
Metals (Soil) 

Ag, As, Cd, Fe, 
Cu, Pb, Sb, Se, Zn 

SW-846 6010 EPA SW-846* 

Hg SW-846 7471 EPA SW-846* 

Metals (Sedimentary) 
Ag, As, Cd, Fe 

Cu, Pb, Sb, Se, Zn 
XRF -

Hg SW-846 74.71 EPA SW-846* 

Other Parameters 
Cation Exchange Capacity SW-846 9081 EPA SW-846* 

pH (lab) SW-846 9045C EPA SW-846* 

* EPA SW-846 Test Methods for Evaluating Solid Waste, December, 1996 
** EPA Methods for Chemical Analysis of Water and Waste, March, 1983 



APPENDIX A: The Wes ton Preliminary H y d r o g e o l o g i c
Review of Richardson Flat T a i l i n g s S i t e

N O T E : T H I S D O C U M E N T H A S BEEN P R E V I O U S L Y S U B M I T T E D T O
T H E A G E N C I E S I N T H E D R A F T WORK P L A N S U B M I T T E D I N
NOVEMBER, 1999. I T I S I N C O R P O R A T E D I N T O T H I S D O C U M E N T
BY REFERENCE O N L Y .
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A P P E N D I X B: EPA F i n a l Report, March 1993
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1 . 0 I N T R O D U C T I O N A N D P U R P O S E
T h i s r e p o r t i s w r i t t e n t o s a t i s f y t h e r e q u i r e m e n t s o f T e c h n i c a l

D i r e c t i o n D o c u m e n t s ( T D D s ) S T 0 8 - 9 2 0 4 - 0 1 5 a n d T 0 8 - 9 2 1 0 - 0 5 0 i s s u e d t o t o
t h e E c o l o g y a n d E n v i r o n m e n t , I n c . T e c h n i c a l A s s i s t a n c e T e a m ( E & E - T A T )
b y t h e R e g i o n V I I I U . S . E n v i r o n m e n t a l P r o t e c t i o n A g e n c y ( U S E P A )
E m e r g e n c y R e s p o n s e Branch ( E R B ) . T h i s work w a s b e g u n i n A p r i l 1 9 9 2 .
O t h e r r e p o r t s s u b m i t t e d b y t h e T A T u n d e r t h i s T D D ^ n c l u d e : " T r i p
R e p o r t , R i c h a r d s o n F l a t s T a i l i n g s S i t e , A u g u s t 17,- 1 9 9 2 " ; a n d
" I n s p e c t i o n o f t h e T a i l i n g s D a m a t R i c h a r d s o n F l a t s , M e m o r a n d u m t o
E P A - O S C " , A u g u s t 6 , 1 9 9 2 ,~'"Ui t h i n t h i s same t i m e f r a m e t h e T A T h a s a l s o
p e r f o r m e d work r e l e v a n t t o t h e s i t e u n d e r t h r e e s e p a r a t e T D D s
( T 0 8 - 9 2 0 4 - 0 4 1 , T 0 8 - 9 2 0 7 - 0 1 9 a n d T 0 8 - 9 2 1 0 - 0 4 1 ) . R e p o r t s / d o c u m e n t s
g e n e r a t e d b y t h e T A T a s a r e s u l t o f t h e s e t h r e e T D D s are: t h e " R e p o r t ^
o f D r i l l i n g A c t i v i t i e s , R i c h a r d s o n F l a t s T a i l i n g s S i t e , J u l y 1 3 , 1 9 9 2 " ;

- " R e s p o n s e t o P R P s S e p t e m b e r 1 0 . 1992 M e m o r a n d u m R e g a r d i n g V e i l
I n s t a l l a t i o n A c t i v i t i e s , M e m o r a n d u m t o E P A / O S C , S e p t e m b e r 1 1 , 1 9 9 2 " ; a n d
" R e p o r t o f S a m p l i n g A c t i v i t i e s , J a n u a r y 4 , 1 9 9 3 " . ,

A l s o r e l e v a n t t o t h i s vork i s t h e r e p o r t e n t i t l e d " A i r S a m p l i n g a n d
A n a l y s i s , F i n a l R e p o r t " , A u g u s t 1 9 9 2 , p r e p a r e d b y t h e E n v i r o n m e n t a l
R e s p o n s e T e a m ( E R T ) o f t h e U S E P A .

T h e R i c h a r d s o n F l a t s T a i l i n g s s i t e i s l o c a t e d t h r e e a n d o n e - h a l f
m i l e s n o r t h e a s t o f P a r k C i t y , S u m m i t C o u n t y , U t a h . O n a p p r o x i m a t e l y
1 6 0 acre s f r o m 1975 t h r o u g h 1981 m i n e t a i l i n g s were p l a c e d b y s l u r r y
p i p e l i n e f r o m m i n e s ovned b y U n i t e d P a r k C i t y M i n e s ( U P C M ) . A s m a l l
p o r t i o n o f t h e s i t e v a s a l s o used f o r a m u n i c i p a l / s a n i t a r y l a n d f i l l
d u r i n g t h e m i d - 1 9 7 0 s .

T h e R i c h a r d s o n F l a t s T a i l i n g s s i t e a p p e a r e d i n t h e F e d e r a l R e g i s t e r
o n F e b r u a r y 7 , 1992 a s a p r o p o s e d N a t i o n a l P r i o r i t i e s L i s t ( N P L ) s i t e .
Becau s e o f t h i s p r o p o s e d l i s t i n g t h e U S E P A / E R B became r e s p o n s i b l e f o ra s s u r i n g i m m e d i a t e s i t e s a f e t y f o r t h e i n t e r i m p e r i o d f o l l o w i n g p r o p o s e d
l i s t i n g t h r o u g h t h e i n i t i a t i o n o f r e m e d i a l a c t i v i t i e s . T h e p u r p o s e o f
t h i s vork h a s t h u s been t o e x a m i n e t h e s i t e i n t e r m s o f i m m e d i a t e
t h r e a t s t o human h e a l t h o r t h e e n v i r o n m e n t . T h i s r e p o r t i s a s ummary o f
f i n d i n g s t o t h a t e n d .



2 . 0 S U M M A R Y A N D R E C O M M E N D A T I O N S
F o u r areas o f c o n c e r n a t t h e R i c h a r d s o n F l a t s T a i l i n g s s i t e have

been e x a m i n e d t o d e t e r m i n e i m m e d i a t e t h r e a t s t o h u m a n h e a l t h o r t h e
e n v i r o n m e n t . T h e s e f o u r ar ea s are: 1 . t h e a i r b o r n e r e l e a s e o f
c o n t a m i n a n t s ; 2 . t h e r e l e a s e o f c o n t a m i n a n t s f r o m t h e t a i l i n g s a r e a ; 3 .
t h e r e l e a s e o f c o n t a m i n a n t s f r o m t h e m u n i c i p a l / s a n i t a r y l a n d f i l l a r e a ;
a n d 4 . s i t e a c c e s s . I n g e n e r a l , t h e s i t e p r e s e n t s l i t t l e o r n o
i m m e d i a t e t h r e a t t o h u m a n h e a l t h o r t h e e n v i r o n m e n t . F o l l o w i n g i s a
s u m m a r y o f s p e c i f i c f i n d i n g s a n d s p e c i f i c r e c o m m e n d a t i o n s t o a s s ur e s i t e
s a f e t y i n t h e i n t e r i m p e r i o d p r e c e d i n g r e m e d i a l a c t i v i t i e s .
F i n d i n g s

A i r b o r n e r e l e a s e s o f m e t a l c o n t a m i n a n t s f r o m t h e t a i l i n g s area
have been m i n i m i z e d a n d d o n o t p o s e a n i m m e d i a t e t h r e a t .
E x i s t i n g s o i l a n d s a l t g r a s s c over over t h e t a i l i n g s area a r e
p r o v i d i n g a d e q u a t e d u s t s u p p r e s s i n g c a p a b i l i t y t o p r e v e n t a n
i m m e d i a t e t h r e a t o f a i r b o r n e c o n t a m i n a n t r e l e a s e s . F o r t h e l o n g
t e r m h o w e v e r , s o i l cover i s s p a r s e a n d s a l t g r a s s m a y d i s a p p e a r
a s t h e s i t e b e c ome s d r i e r . I n t h e l o n g t e r m , d u s t y c o n d i t i o n s
may recur.
S o i l b e i n g used b y U P C M f o r t a i l i n g s cover d o e s n o t c o n t a i n
c o n t a m i n a n t s a t c o n c e n t r a t i o n s t h a t p o s e a n i m m e d i a t e t h r e a t t o
human h e a l t h o r t h e e n v i r o n m e n t .
T h e r e i s n o i m m e d i a t e t h r e a t o f g r o s s f a i l u r e o f t h e t a i l i n g s
c o n t a i n m e n t s t r u c t u r e . T h e r e i s s e e p a g e , h o w e v e r , t h r o u g h
a n d / o r a r o u n d t h e d a m e n d o f t h e s t r u c t u r e . I n t h e s ummer o f
1 9 9 2 , a h i l l s i d e d i v e r s i o n d i t c h o n t h e n o r t h p e r i m e t e r o f t h e
t a i l i n g s area h a d a l s o been c u t o f f f r o m t h e m a i n d r a i n a g e
d i t c h . T h i s c o u l d p e r m i t r u n o f f i n t o t h e t a i l i n g s area.
D u r i n g t h e p e r i o d o f t h i s a s s e s s m e n t , s u r f a c e w a t e r f l o w a n dr u n o f f f r o m t h e t a i l i n g s area w a s very l o w . A l m o s t n o
c o n t a m i n a n t s a t t r i b u t e d t o t h e s i t e c o u l d b e d o c u m e n t e d e n t e r i n g
l o c a l s u r f a c e w a t e r . T h e e x c e p t i o n w a s t h e d o c u m e n t a t i o n o f a .
r e l e a s e o f l e a d ( 1 5 1 u g / 1 ) t o S i l v e r C r e e k f r o m t h e s i t e .
A l t h o u g h t h i s r e l e a s e i s a very i m p o r t a n t f i n d i n g , i t i s n o t
c o n s i d e r e d a n i m m e d i a t e t h r e a t t o human h e a l t h a n d t h e
e n v i r o n m e n t . T h i s r e l e a s e w o u l d b e b e t t e r a d d r e s s e d b y a
c o m p r e h e n s i v e r e m e d i a l p l a n r a t h e r t h a n b y e m e r g e n c y r e s p o n s e
a c t i o n s .
T h e p l a c e m e n t o f t a i l i n g s h a s c o n t r i b u t e d t o a s i g n i f i c a n t r i s e
i n t o t a l d i s s o l v e d s o l i d s ( T D S ) o f s h a l l o w g r o u n d w a t e r .
C o n c e n t r a t i o n s o f i n d i v i d u a l m e t a l c o n t a m i n a n t s d o n o t i n c r e a s e
t o s i g n i f i c a n t l e v e l s w i t h i n s h a l l o w g r o u n d w a t e r near t h e

S e d i m e n t i n t h e " w e t l a n d s " area o f t h e s i t e b e t w e e n S i l v e r C r e e k
a n d t h e base o f t h e t a i l i n g s d a m i s s e v e r e l y c o n t a m i n a t e d w i t h



t a i l i n g s m a t e r i a l a n d t h e a s s o c i a t e d h i g h l e v e l s o f m e t a l s
( a r s e n i c , c a d m i u m , l e a d , . . . . ) • B e c a u s e t h i s area i s s i x t o
e i g h t f e e t a b o v e S i l v e r C r e e k a n d s u r f a c e w a t e r f l o v t h r o u g h i t
i s f r o m t h e d i v e r s i o n d i t c h a n d f r o m s e e p a g e t h r o u g h t h e
t a i l i n g s c o n t a i n m e n t s t r u c t u r e , t h i s s e d i m e n t c o n t a m i n a t i o n
a p p e a r s d i r e c t l y a t t r i b u t a b l e t o t h e s i t e . A l t h o u g h t h i s i s a
very s i g n i f i c a n t f i n d i n g , c o n t a m i n a t e d s e d i m e n t i s r e l a t i v e l y
i m m o b i l e a n d t h e r e s u l t o f a l o n g t e r m p r o c e s s . I t i s n o t
c o n s i d e r e d a n i m m e d i a t e t h r e a t a n d w o u l d b e b e t t e r a d d r e s s e d b y
a c o m p r e h e n s i v e r e m e d i a l p l a n r a t h e r t h a n b y e m e r g e n c y r e s p o n s e
a c t i o n s .

o I n t h e area o f t h e m u n i c i p a l / s a n i t a r y l a n d f i l l , n o o r g a n i c o r
i n o r g a n i c c o n t a m i n a n t s t h a t c o u l d b e a t t r i b u t e d t o t h e s i t e were
d e t e c t e d i n s u r f a c e w a t e r .

o S h a l l o w g r o u n d w a t e r i n t h e area o f t h e m u n i c i p a l / s a n i t a r y
l a n d f i l l s h owed n o o r g a n i c c o n t a m i n a n t s a t t r i b u t e d t o t h e s i t e ;
h o w e v e r , I D S a n d a r s e n i c c o n c e n t r a t i o n s d o s h o w i n c r e a s e s w h i c h
a r e a t t r i b u t e d t o t h e s i t e .

o S i t e a c c e s s h a s been s a t i s f a c t o r i l y l i m i t e d b y a s e c u r i t y f e n c e
s u r r o u n d i n g t h e s i t e .

R e c o m m e n d a t i o n s
o A l t h o u g h s e r i o u s e n v i r o n m e n t a l c o n c e r n s have been d o c u m e n t e d a t

t h e R i c h a r d s o n F l a t s T a i l i n g s s i t e , t h i s r e p o r t d o e s n o t
r e c o m m e n d t h a t a n y o f t h e s e c o n c e r n s b e a d d r e s s e d w i t h e m e r g e n c y
r e s p o n s e a c t i o n s a s i m m e d i a t e t h r e a t s t o human h e a l t h o r t h e
e n v i r o n m e n t . T h e c o n c e r n s o f s u r f a c e w a t e r , g r o u n d w a t e r , a n d
s e d i m e n t c o n t a m i n a t i o n a n d p o t e n t i a l a i r b o r n e r e l e a s e s o f m e t a l s
d o c u m e n t e d b y t h i s a n d o t h e r s t u d i e s a r e p r o b l e m s w h i c h have
e x i s t e d f o r many y e a r s . T h e s e v e r i t y o f t h e s e p r o b l e m s w i l l n o t
i n c r e a s e d r a m a t i c a l l y b u t w i l l p e r s i s t a t a s t e a d y l e v e l . T h i s
r e p o r t r e c o m m e n d s t h a t a l l c onc ern s a t t h e R i c h a r d s o n F l a t s
T a i l i n g s s i t e b e a d d r e s s e d t h r o u g h t h e c o m p r e h e n s i v e r e m e d i a l
p l a n n i n g p r o c e s s w h i c h N P L s i t e s a r e s u b j e c t t o . T h e b o d y o f
t h i s r e p o r t s h o u l d c l a r i f y some o f t h e s i t e c onc ern s a n d s h o u l d
a s s i s t i n d e v e l o p i n g t h e r e m e d i a l p l a n s .

3 . 0 S I T E A C T I V I T I E S
F o l l o w i n g a n i n i t i a l s i t e v i s i t i n A p r i l 1 9 9 2 , t h e T A T p r e p a r e d a

work p l a n t o a s s e s s c o n t a m i n a n t r e l e a s e s t o g r o u n d w a t e r , s u r f a c e w a t e r ,
a n d t o t h e l o c a l e n v i r o n m e n t v i a t h e a i r p a t h w a y . C o n t a m i n a n t s o f
c onc e rn i n c l u d e m e t a l s f r o m t h e t a i l i n g s area a n d t h e l a n d f i l l a r e a , a n d
s evera l t y p e s o f p o t e n t i a l o r g a n i c c o n t a m i n a n t s f r o m t h e l a n d f i l l area.

A d d i t i o n a l m o n i t o r i n g w e l l s were i n s t a l l e d a t t h e s i t e d u r i n g t h e
• - • • : . • - . ' • • r f , ' • . • - . r ? ' ? , ! ° 9 ? . . ' • ? r n"vi t o r i n c r vn.s c o n d u c t e d b y t h e E R T o n J u n e
10 and 11, 1 9 9 2 . D u r i n g the week of A u g u s t j , Ljy'2. tne T.--. i v^ --! .-^. i .
f o r s ev era l a c t i v i t i e s i n c l u d i n g g r o u n d w a t e r a n d s u r f a c e w a t e r s a m p l i n g ,
d e t e r m i n a t i o n o f d e p t h o f cover o n t h e t a i l i n g s ar ea , s a m p l i n g o f cover



s o i l m a t e r i a l , a n d i n s p e c t i o n o f t h e t a i l i n g s c o n t a i n m e n t s t r u c t u r e a n d
d i v e r s i o n d i t c h s y s t e m . A d d i t i o n a l g r o u n n v a t e r s a m p l i n g o c c u r r e d d u r i n g
t h e week o f N o v e m b e r 9 , 1 9 9 2 .

"
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4 . 1 A I R M O N I T O R I N G

I n J u l y 1986 a i r m o n i t o r i n g d o c u m e n t e d t h e a i r b o r n e r e l e a s e o f
a r s e n i c , c a d m i u m , l e a d , a n d z i n c i n p a r t i c u l a t e f o r m f r o m t h e R i c h a r d s o n
F l a t s T a i l i n g s s i t e . S i n c e t h a t t i m e U P C M h a s p l a c e d cover s o i l over
a p p r o x i m a t e l y 8 5 % ( U P C M ' s e s t i m a t e ) o f t h e t a i l i n g s area. O n J u n e 1 0
a n d 1 1 , 1 9 9 2 a i r s a m p l e s were a g a i n c o l l e c t e d t o a s s e s s t h e a i r b o r n e
r e l e a s e o f t h e s e f o u r m e t a l s . A t 5 s a m p l i n g l o c a t i o n s o n t h e s i t e ' s
p e r i m e t e r b o u n d a r y 1 7 a i r s a m p l e s were c o l l e c t e d . T h e s a m p l i n g
p r o c e d u r e a n d a n a l y t i c a l r e s u l t s a r e c o n t a i n e d i n t h e i r e n t i r e t y i n t h e
A i r S a m p l i n g a n d A n a l y s i s , F i n a l R e p o r t , R i c h a r d s o n F l a t s , A u g u s t 1 9 9 2 ,
p r e p a r e d b y t h e U S E P A / E R T . I n s u m m a r y , t h e s e a i r m o n i t o r i n g a c t i v i t i e s
s hov ed n o d e t e c t a b l e l e v e l s o f c a d m i u m , l e a d , o r a r s e n i c i n a n y s a m p l e s .
T r a c e l e v e l s o f z i n c ( a t t h e l e v e l o f q u a n t i t a t i o n ) were d e t e c t e d i n
f o u r s a m p l e s o n l y . N o s a m p l e s o n a n y d a y u n d e r a n y w i n d c o n d i t i o n
e x h i b i t e d e l e v a t e d l e v e l s o f c o n t a m i n a n t s . R e s t r i c t i o n f r o m s i t e a c c e s s
p r e c l u d e d t h e i m p l e m e n t a t i o n o f t h e o p t i m u m s a m p l i n g s t r a t e g y ; however a
c o n c l u s i o n c a n s t i l l b e m a d e t h a t a i r b o r n e r e l e a s e s o f c o n t a m i n a n t s f r o m
t h e R i c h a r d s o n F l a t s T a i l i n g s s i t e a r e n o t p o s i n g a n i m m e d i a t e t h r e a t t o
human h e a l t h o r t h e e n v i r o n m e n t .
4 . 2 T A I L I N G S A S S E S S M E N T

4 . 2 . 1 D E P T H O F C O V E R
D e p t h o f cover v a s d e t e r m i n e d a t 2 9 l o c a t i o n s over t h e t a i l i n g s

area . T h e s e l o c a t i o n s a r e d e p i c t e d o n F i g u r e 2 . L o c a t i o n s were
d e t e r m i n e d b y f i r s t e s t a b l i s h i n g a r e f e r e n c e l i n e i n a n a p p r o x i m a t e
d i r e c t i o n o f n o r t h w e s t t o s o u t h e a s t t h r o u g h t h e t a i l i n g s area ( F i g u r e
1 ) . T h i s r e f e r e n c e l i n e i n c l u d e s a n d i s a c o n t i n u a t i o n o f a s t r a i g h t
p o r t i o n o f t h e t a i l i n g s c o n t a i n m e n t s t r u c t u r e a s s hown i n F i g u r e 1 .
P o i n t s were m a r k e d a l o n g t h i s r e f e r e n c e l i n e a t 2 0 0 o r 4 0 0 f o o t
i n t e r v a l s . A t 2800 f e e t f r o m t h e base p o i n t a s e cond r e f e r e n c e l i n e w a s
e s t a b l i s h e d i n a p e r p e n d i c u l a r d i r e c t i o n t o t h e f i r s t r e f e r e n c e l i n e .
T h i s s e c ond r e f e r e n c e l i n e e x t e n d e d i n a n a p p r o x i m a t e d i r e c t i o n f r o m
s o u t h w e s t t o n o r t h e a s t . F o r t h e p u r p o s e o f s a m p l i n g o r s o i l cover
m e a s u r e m e n t s , a l l l o c a t i o n s w i t h i n t h e t a i l i n g s area were i d e n t i f i e d
r e l a t i v e t o t h e s e t w o r e f e r e n c e l i n e s . F o r e x a m p l e , a s a m p l e l o c a t i o n
i d e n t i f i e d a s 1900, B O O L w o u l d b e 1900 f e e t f r o m t h e base p o i n t ( u s i n g
t h e f i r s t r e f e r e n c e l i n e ) a n d 8 0 0 f e e t t o t h e l e f t ( n o r t h e a s t ) u s i n g t h e
s e c o n d r e f e r e n c e l i n e .

S a m p l e l o c a t i o n s were o n a n a p p r o x i m a t e g r i d p a t t e r n o f 4 0 0 f e e t x
4 0 0 f e e t . T h e g r i d c o v e r e d m o s t o f t h e t a i l i n g s area. T a b l e 1 p r e s e n t s
I - H O r < = = • u 1 1 ? o f c^ver d e p t h m e a s u r e m e n t . ? . A t a l l b u t o n e l o c a t i o n a
d i s t i n c t l i n e c o u l d b e seen b e t w e e n s o i l c o v e r a n a g r a y c o l o i - u t a i l i n g s
b e n e a t h t h e cover. X - r a y f l u o r e s c e n c e ( X R F ) m e a s u r e m e n t s f o r l ead were
t a k e n t o c o n f i r m t h e v i s u a l d e t e r m i n a t i o n o f c over d e p t h o r t o d e t e r m i n e



c ov er d e p t h w h e r e a d i s t i n c t l i n e w a s n o t v i s i b l e . A s seen i n T a b l e 1 .
m u c h o f t h e t a i l i n g s a r e a i s c o v e r e d w i t h a s a l t g r a s s . T h i s i s a
n a t i v e g r a s s w h i c h a p p e a r e d t o f o r m a n e x c e l l e n t c over o n t h e t a i l i n g s .
W h e r e t h e s a l t g r a s s i s p r e s e n t n o s o i l c ov er h a d been p l a c e d over t h e
t a i l i n g s ; h o w e v e r r o o t s o f t h e g r a s s e x t e n d e d f i v e t o s i x i n c h e s b e l o v
g r o u n d s u r f a c e , a n d t h e r o o t s a n d t h e g r a s s i t s e l f f o r m e d a n e f f e c t i v e
d u s t s u p p r e s s i n g m a t o n t o p o f t a i l i n g s m a t e r i a l .

T h e g r i d p a t t e r n s h o w n i n F i g u r e 2 r e p r e s e n t m u c h o f t h e e n t i r e
t a i l i n g s area. O f t h e 2 9 p o i n t s o n t h i s g r i d o n l y 1 p o i n t h a d n o c over
s o i l a n d n o s a l t g r a s s p r e s e n t . N i n e o f t h e 2 9 p o i n t s ( a p p r o x i m a t e l y 3 0
p e r c e n t ) h a d n o cover s o i l p r e s e n t . A t t h e 2 0 p o i n t s wher e c over s o i l
w a s p r e s e n t , t h e cover s o i l w a s 6 i n c h e s t h i c k o r l e s s a t 6 p o i n t s a n d
g r e a t e r t h a n 6 i n c h e s i n t h i c k n e s s a t 1 4 p o i n t s .

I t i s i m p o r t a n t t o n o t e t h a t t h e s a l t g r a s s w h i c h b e came
e s t a b l i s h e d o n t h e t a i l i n g s area i s l i k e l y d e p e n d e n t u p o n a m o i s t
e n v i r o n m e n t f o r s u r v i v a l . T h i s g ra s s b e c a m e e s t a b l i s h e d when t a i l i n g s
were s l u r r i e d t o t h e s i t e c r e a t i n g p e r i o d s o f s t a n d i n g w a t e r . T h e g r a s s
m a y s l o w l y d i s a p p e a r , a n d i t s e x t e n s i v e r o o t s y s t e m m a y make c o n d i t i o n s
d i f f i c u l t f o r o t h e r p l a n t s t o b e c ome e s t a b l i s h e d .

U P C M h a s e x p r e s s e d i n t e n t i o n s o f a d d i n g s o i l cover t o t h a t s m a l l
p o r t i o n o f t h e s i t e w h i c h c u r r e n t l y h a s n o s o i l c over o r wher e s a l t
g r a s s i s n o t e s t a b l i s h e d . U h e n t h i s i s c o m p l e t e d , t h e t a i l i n g s area
w i l l have a d e q u a t e cover t o p r e v e n t a n i m m e d i a t e t h r e a t o f e x c e s s i v e
d u s t . M u c h o f t h e e x i s t i n g s o i l c o v e r , h o w e v e r , i s s p a r s e ( l e s s t h a n
s i x i n c h e s i n t h i c k n e s s ) ; a n d much o f t h e area i s c o v e r e d w i t h a s a l t
g r a s s t h a t m a y d i s a p p e a r a s t h e s i t e b e c o m e s d r i e r . D u s t y c o n d i t i o n s
c o u l d r e cur i n t h e f u t u r e i f p r o p e r s o i l c ov er over t h e e n t i r e t a i l i n g s
area i s n o t a p p l i e d .

4 . 2 . 2 C O V E R S O I L A N A L Y S E S
F i g u r e 2 s h o w s t h e l o c a t i o n o f s i x s o i l s a m p l e s c o l l e c t e d o n A u g u s t

6 , 1 9 9 2 . E a c h o f t h e s e s a m p l e s , e x c e p t s a m p l e R F - S O - 3 , w a s t a k e n f r o m
s o i l t h a t w a s a d d e d b y U P C M a s cover t o t h e s i t e . T a b l e 2 c o n t a i n s
a n a l y t i c a l r e s u l t s f o r t h e s e s a m p l e s a n d t h e normal range s f o r t h e s e
e l e m e n t s i n s o i l s o f t h e w e s t e r n U n i t e d S t a t e s . S a m p l e R F - S O - 3 w a s
c o l l e c t e d w i t h i n a n area c o v e r e d b y s a l t g r a s s . A s d i s c u s s e d , wher e
s a l t g r a s s i s c u r r e n t l y e s t a b l i s h e d s o i l cover h a s n o t been a d d e d b y
U P C M . T h i s s o i l s a m p l e i s more l i k e l y t o b e r e p r e s e n t a t i v e o f t a i l i n g s
m a t e r i a l .

A s T a b l e 2 s h o w s , c o n s t i t u e n t s o f s o i l cover d o n o t c o n s i s t e n t l y
f a l l i n t o t h e normal r a n g e s f o r a l l e l e m e n t s . I n s o i l cover s a m p l e s ,
h o w e v e r , n o c o n t a m i n a n t i s g r o s s l y o u t o f l i n e f r o m t h e n o r m a l r a n g e s
p r e s e n t e d i n T a b l e 2 . R e s u l t s f o r s a m p l e R F - S O - 0 3 show very h i g h
c o n c e n t r a t i o n s o f a n t i m o n y , a r s e n i c , c a d m i u m , c o p p e r , l e a d , m e r c u r y ,
s e l e n i u m , a n d z i n c ; h o w e v e r t h i s s a m p l e i s t a i l i n g s , n o t c over m a t e r i a l .
T : - - • • ; - - - - - ' • - - , > • _ c .^-;"i h p i p t r n c p f l f o r c o v e r m a t e r i a l b v U F C M d o e s n o t
c o n t a i n c o n t a m i n a n t s a t c o n s e n t r a t . i on s t h a t w o u l d p u i e a n i m f i i e u i a i c
t h r e a t t o human h e a l t h o r t h e e n v i r o n m e n t .



4 . 2 . 3 T A I L I N G S C O N T A I N M E N T
O n A u g u s t 4 , 1 9 9 2 t h e T A T i n s p e c t e d t h e t a i l i n g s c o n t a i n m e n t

s t r u c t u r e . T h i s i n s p e c t i o n d i d n o t i n c l u d e t r e n c h i n g o r b o r i n g i n t o t h e
e m b a n k m e n t a n d t h u s w a s n o t a f u l l a s s e s s m e n t o f t h e s t r u c t u r e . R e s u l t s
o f t h i s i n s p e c t i o n were s u m m a r i z e d i n a m e m o r a n d u m t o t h e O S C d a t e d
A u g u s t 8 , 1 9 9 2 . T h i s memo i s i n c l u d e d w i t h t h i s r e p o r t a s A p p e n d i x A .
I m p o r t a n t f i n d i n g s o f t h i s i n s p e c t i o n f o l l o w .

1 . M a i n E m b a n k m e n t .
T h e m a i n e m b a n k m e n t i s o v e r s t e e p l y i n g a t 1.0:1.0 t o 1 . 5 : 1 . 0
( r u n : r i s e ) . A p p r o x i m a t e l y s i x i n c h e s o f f i n e d r y s a n d , p o s s i b l y
v i n d b l o v n t a i l i n g s , vere n o t e d u n d e r a t h r e e i n c h t o p s o i l cover
l a y e r o n t h e d o w n s t r e a m f a c e o f t h e e m b a n k m e n t . T h e sand h a s n o
s t r e n g t h a n d w i l l e r o d e q u i c k l y i f e x p o s e d . A 3 5 X t o 5 0 £ g r a s s
cover w a s o n m o s t o f t h e e m b a n k m e n t w h i c h w i l l h e l p i n e r o s i o n
c o n t r o l . N o c r a c k i n g w a s e v i d e n t o n t h e e m b a n k m e n t , a l t h o u g h
t h e sand l a y e r w o u l d t e n d t o h i d e a n y s m a l l c r a c k i n g . A l s o , n o
b e n d i n g ( b u l g i n g ) w a s n o t e d o n t h e e m b a n k m e n t .

2 . T o e o f t h e M a i n E m b a n k m e n t .
Rank v e g e t a t i o n , i n t h e f o r m o f w i l l o w s a n d t r e e s , i s g r o w i n g a t
t h e t o e o f t h e d a m . A p p r o x i m a t e l y e i g h t in ch e s o f l o a m y d a m p
s o i l i s e v i d e n t o n t h e t o e o f t h e d a m . T h e a m o u n t o f v e g e t a t i o n
a n d t h e t y p e o f s o i l s o n t h e t o e o f t h e d a m i n d i c a t e t h a t t h e
area r e c e i v e s a l o t o f w a t e r . A s w e t s o i l s were n o t e d
a p p r o x i m a t e l y s i x t o e i g h t f e e t above t h e s t r e a m l e v e l t h i s
w a t e r i s p r o b a b l y d u e t o s e e p a g e u n d e r t h e d a m . O t h e r e v i d e n c e
o f s e e p a g e f r o m t h e t o e o f t h e d a m w a s e v i d e n t i n t h e f o r m s o f ;
s o f t m a r s h y a r e a s , rank v e g e t a t i o n i n c l u d i n g w i l l o w s , l o a m y
s o i l s , d a m p s o i l s , a n d areas where w a t e r h a d been s t a n d i n g
( a l t h o u g h n o s t a n d i n g w a t e r w a s o b s e r v e d o n A u g u s t 4 , 1 9 9 2 ) .

3 . T h e N o r t h A b u t m e n t .
A s w a m p y , l o a m y area o n t h e n o r t h a b u t m e n t , a d j a c e n t t o vhere
t h e e m b a n k m e n t m e e t s t h e a b u t m e n t , w a s n o t e d . T h e area w a s w e l l
above t h e t o e o f t h e d a m a t t h e l o c a t i o n o f t h e n o r t h m o n i t o r i n g
w e l l . T h i s w e l l r e c h a r g e d q u i c k l y when b a i l e d . T h e s e
c o n d i t i o n s i n d i c a t e t h a t w a t e r s e e p s a r o u n d o r t h r o u g h t h e
c o n t a c t b e t w e e n t h e a b u t m e n t a n d t h e e m b a n k m e n t . U n d e r f u l l
head c o n d i t i o n s ( s a t u r a t e d t a i l i n g s ) t h i s w o u l d b e a n area wher e
f a i l u r e o f t h e e m b a n k m e n t c o u l d o c cur .

4 . C r e s t o f t h e M a i n E m b a n k m e n t .
T h e c r e s t i s s l o p e d back t o w a r d t h e t a i l i n g s area a l l o w i n g a n y
w a t e r t o d r a i n back t o t h e t a i l i n g s p o n d . H o w e v e r , s m a l l
e r o s i o n a l g u l l i e s a r e f o r m i n g o n t h e c r e s t a n d d o w n s t r e a m f a c e
o f t h e d a m a n d c o u l d e v e n t u a l l y l e a d t o l a r g e r g u l l y i n g o n t h e
d a m .

V a t e r e l e v a t i o n s b e h i n d t h e e m b a n k m e n t a r e u n k n o w n , h o w e v e r
e l e v a t i o n o f w a t e r i n t h e d i t c h a n d t h e p o n d s o u t h o f t h e
t a i l i n g s area a r e p r o b a b l y i n d i c a t i v e o f t h e e l e v a t i o n o f



g r o u n d v a t e r b e h i n d t h e e m b a n k m e n t . F r o m t h e i n f o r m a t i o n
a v a i l a b l e i n t h e D i m e s & M n n r e , I n c . r e p o r t s , i t i s u n l i k e l y
t h a t a c u t o f f va i l v a s i n s t a l l e d a r o u n d t h e p e r i m e t e r o f t h e
p o n d t o c o n t r o l s e e p a g e u n d e r e i t h e r t h e . e m b a n k m e n t o r t h e d i k e .
T h e p i e z o m e t e r l o c a t e d o n t h e t o e o f t h e d a m i n d i c a t e d t h e v a t e r
l e v e l t o b e f i v e f e e t b e l o v g r o u n d s u r f a c e . T h e s w a m p y g r o u n d
a n d r e c h a r g e r a t e o f t h e m o n i t o r i n g ve i l o n t h e n o r t h a b u t m e n t
i n d i c a t e s t h a t v a t e r f l o v f r o m some s ourc e i s o c c u r r i n g .
I n s p e c t i o n o f t h e road c u t n o r t h o f t h e a b u t m e n t r e v e a l e d n o
s e e p s . W i t h o u t f u r t h e r i n v e s t i g a t i o n i t i s c o n s e r v a t i v e t o u s e
a v o r s t case s c e n a r i o a n d a s s u m e t h a t t h e s o u r c e o f t h e s e e p i s
t h e v a t e r i n t h e t a i l i n g s b e h i n d t h e d a m a n d t h a t t h e
a b u t m e n t / e m b a n k m e n t c o n t a c t i s a d r a i n a g e p a t h f o r t h e v a t e r .

6 . P e r i m e t e r D i k e .
T h e p e r i m e t e r d i k e v a s p r o b a b l y c o n s t r u c t e d b y s t r i p p i n g
m a t e r i a l s o f f o f t h e d o w n s t r e a m s i d e a n d p i l i n g t h e
u n d i f f e r e n t i a t e d m a t e r i a l u p a s a d i k e . T h e s l o p e s a r e
a p p r o x i m a t e l y 2 . 0 : 1 . 0 . T h e d i k e i s u s ed a s t h e a c c e s s road f o r
t h e p o n d a n d i t s e l e v a t i o n v a r i e s f r o m t v o t o f i v e f e e t a bov e
t h e l e v e l o f t h e t a i l i n g s i n t h e p o n d . T h e d i k e a p p e a r s t o b e
i n g o o d c o n d i t i o n .

7 . D i v e r s i o n D i t c h .
A d i v e r s i o n d i t c h h a s been c o n s t r u c t e d a l o n g t h e p e r i m e t e r o f
t h e t a i l i n g s p o n d a s d e s i g n e d b y Dames & M o o r e , I n c . T h e d i t c h
d e p t h a n d v i d t h v a r i e s , g e n e r a l l y g e t t i n g d e e p e r a n d v i d e r a s i t
p r o g r e s s e s d o v n s t r e a m . S t a n d i n g v a t e r v a s e v i d e n t i n m o s t o f
t h e d i t c h o n t h e s o u t h e r n p e r i m e t e r o f t h e p r o p e r t y . R u s h e s ,
s e d g e s , a n d c a t t a i l s w e e g r o v i n g i n t h e b o t t o m o f t h e d i t c h
a l o n g t h e e n t i r e l e n g t h . R e c e n t work h a s been p e r f o r m e d b y t h e
owner s i n f l a t t e n i n g t h e d i t c h banks a n d a d d i n g t o p s o i l t o t h e
bank s . T h i s work i s a p p r o x i m a t e l y o n e - h a l f c o m p l e t e d .
A c c o r d i n g t o t h e o w n e r s , t h e r e s t o f t h e d i t c h i s t o b e
s i m i l a r l y r e g r a d e d a n d t o p s o i l e d . A t t h e t i m e T A T i n s p e c t e d t h e
s i t e , t h e h i l l s i d e d i v e r s i o n d i t c h , o n t h e n o r t h p e r i m e t e r o f
t h e t a i l i n g s p o n d , h a d been c u t o f f f r o m t h e m a i n d i t c h a s a
r e s u l t o f t o p s o i l s t r i p p i n g . T h i s i m p o r t a n t f e a t u r e s h o u l d b e
r e c o n n e c t e d t o t h e m a i n d i t c h a s soon a s p o s s i b l e t o p r e v e n t
a d d i t i o n a l v a t e r f l o w i n g i n t o t h e t a i l i n g s p o n d .

I n c o n c l u s i o n , based o n t h e o b s e r v e d c o n d i t i o n s o f t h e t a i l i n g s
c o n t a i n m e n t o r e m b a n k m e n t s t r u c t u r e a n d t h e r e l a t i v e l y d r y c o n d i t i o n o f
t h e t a i l i n g s , t h e r e i s n o i m m e d i a t e t h r e a t o f g r o s s f a i l u r e o f t h i s
s t r u c t u r e . O f more i m m e d i a t e concern are: s e e p a g e f r o m t h e t o e o f t h e
d a m e v i d e n c e d b y w e t / s a t u r a t e d s o i l w e l l above s t r e a m l e v e l ; s e e p a g e
a r o u n d o r t h r o u g h t h e c o n t a c t b e t w e e n t h e a b u t m e n t a n d t h e e m b a n k m e n t
near t h e l o c a t i o n o f t h e n o r t h e r n m o s t g r o u n d v a t e r m o n i t o r i n g w e l l ; a n d
t h e h i l l s i d e d i v e r s i o n d i t c h l o c a t e d o n t h e n o r t h p e r i m e t e r o f t h e
t a i l i n g s area w h i c h h a s been c u t o f f f r o m t h e m a i n d r a i n a g e d i t c h b y
- - , - - ' - - : i r * . r : r p : n < 7 a c t i v i t i e s a l l o v i n e r u n o f f i n t o t h e t a i l i n g s a r e a .

R e c o m m e n d a t i o n s i n c l u d e k e e p i n g t h e t a i l i n g s area d r y t h r o u g h t h e
m a i n t e n a n c e o f t h e d i v e r s i o n d i t c h e s . T h e c o n n e c t i o n b e t w e e n t h e



h i l l s i d e d i v e r s i o n d i t c h a n d t h e p e r i m e t e r d i v e r s i o n d i t c h s h o u l d b e
r e s t o r e d .

A . 2 . A S U R F A C E W A T E R
S u r f a c e w a t e r s a m p l e s c o l l e c t e d f o r a s s e s s m e n t o f t h e t a i l i n g s area

a r e shown o n F i g u r e 1 . T h e s e e i g h t s a m p l e n u m b e r s a r e R F - S W - 0 1 t h r o u g h
R F - S V - 0 8 . I n o r g a n i c a n a l y t i c a l r e s u l t s f o r s u r f a c e w a t e r s a m p l e s a r e
p r e s e n t e d i n T a b l e 3 . W i t h i n S i l v e r C r e e k s a m p l e s R F - S U - 0 1 t h r o u g h
R F - S W - 0 4 a r e c o n s i d e r e d u p g r a d i e n t o f t h e t a i l i n g s area a n d s a m p l e s
R F - S W - 0 5 a n d R F - S U - 0 6 a r e d o w n g r a d i e n t . I n c o m p a r i n g u p g r a d i e n t s a m p l e
r e s u l t s w i t h d o w n g r a d i e n t s a m p l e r e s u l t s v e ry f e w s i g n i f i c a n t
d i f f e r e n c e s a r e n o t e d . L e a d i n c r e a s e s b y a f a c t o r o f 5 . 7 i n s a m p l e
R F - S V - 0 5 when c o m p a r e d t o t h e a v e r a g e l e a d c o n c e n t r a t i o n o f t h e f o u r
u p g r a d i e n t s a m p l e s . I n s a m p l e R F - S V - 0 6 a r s e n i c i n c r e a s e s b y a f a c t o r o f
2 . 1 a n d s i l v e r i n c r e a s e s b y a f a c t o r o f A . 2 when c o m p a r e d t o t h e a v e r a g e
c o n c e n t r a t i o n o f t h e f o u r u p g r a d i e n t s a m p l e s .

I t i s i m p o r t a n t t o r e a l i z e t h a t w i t h i n s u r f a c e w a t e r m o s t m e t a l s
w i l l b e q u i c k l y o x i d i z e d , p r e c i p i t a t e , a n d t e n d t o s e t t l e o u t o f t h e
b u l k w a t e r a n d b e came i n c o r p o r a t e d i n t o s t r e a m s e d i m e n t . T h u s , m e t a l s
i n s u r f a c e w a t e r g e n e r a l l y a r e t r a n s p o r t e d i n p a r t i c u l a t e / s u s p e n d e d
f o r m . I n a very l o w f l o w p e r i o d o f t h e year ( A u g u s t ) , when s u r f a c e
w a t e r i s n o t t u r b u l e n t , m e t a l s a r e n o t t r a n s p o r t e d t o t h e e x t e n t t h a t
t h e y a r e t r a n s p o r t e d d u r i n g h i g h e r f l o w c o n d i t i o n s .

T h e U t a h C o d e , 26-11-2 t h r o u g h 2 0 , h a s c l a s s i f i e d t h e W e b e r R i v e r
f r o m t h e S t o d d a r d d i v e r s i o n t o t h e h e a d w a t e r s ( i n c l u d i n g S i l v e r C r e e k )
i n t h e f o l l o w i n g m a n n e r : I C - p r o t e c t e d f o r d o m e s t i c p u r p o s e s w i t h p r i o r
t r e a t m e n t b y t r e a t m e n t p r o c e s s e s a s r e q u i r e d b y t h e U t a h D e p a r t m e n t o f
H e a l t h ; 3 A - p r o t e c t e d f o r c o l d w a t e r s p e c i e s o f game f i s h a n d o t h e r c o l d
w a t e r a q u a t i c l i f e , i n c l u d i n g t h e n e c e s s a r y a q u a t i c o r g a n i s m s i n t h e i r
f o o d c h a i n ; a n d A - p r o t e c t e d f o r a g r i c u l t u r a l uses i n c l u d i n g i r r i g a t i o n
o f c r o p s a n d s t o c k w a t e r i n g . T h e U t a h C o d e e s t a b l i s h e s s p e c i f i c n u m e r i c
c r i t e r i a f o r c o n t a m i n a n t s ba s ed u p o n u s e c l a s s i f i c a t i o n .

A p p l i c a b l e i n o r g a n i c s t a n d a r d s f r o m t h e S t a t e C o d e a r e s u m m a r i z e d
i n T a b l e A . T h e U t a h C o d e p r o h i b i t s d i s c h a r g e s o r p l a c e m e n t o f w a s t e s
i n such a manner t h a t w i l l cause v i o l a t i o n s o f t h e s e n u m e r i c a l
s t a n d a r d s . T h e S t a t e h a s d e s i g n a t e d S i l v e r C r e e k t o b e i n t h r e e u s e
c l a s s e s ( 1 C , 3 A , a n d 4 ) . F o r t h e d o m e s t i c s ource c l a s s ( 1 C ) u p g r a d i e n t
s a m p l e s f r o m S i l v e r C r e e k mee t a l l s t a n d a r d s . T h e t w o d o w n g r a d i e n t
S i l v e r C r e e k s a m p l e s meet a l l s t a n d a r d s e x c e p t f o r l e a d i n s a m p l e
R F - G W - 0 5 . T h e d a t a i n d i c a t e s t h a t d u r i n g t h i s s a m p l i n g e v en t a
v i o l a t i o n o f t h e l e a d s t a n d a r d f o r t h e S t a t e D o m e s t i c S o u r c e ( 1 C )
s u r f a c e w a t e r c l a s s w a s c a u s e d b y d i s c h a r g e s f r o m t h e R i c h a r d s o n F l a t
t a i l i n g s s i t e . F o r t h e A g r i c u l t u r a l C l a s s ( A ) t h e d a t a a l s o i n d i c a t e s a
v i o l a t i o n o f t h e l e a d s t a n d a r d i n s a m p l e R F - S U - 0 5 .

S t a t e s t a n d a r d s f o r C l a s s 3 A S u r f a c e W a t e r s , p r o t e c t e d f o r c o l d
• . • . . _ „ : . . . j - ' - . - j r c ----- f - j - h ^'^~ ' - > • • ' - ' • - > • - <~^\i\ v ^ r = r p n i i a r i r . l i f e , i n c l u d i n g
t h e n e c e s s a r y a q u a t i c o r g a n i s m s i n t h e i r f o o o c h a i n , a r e d i v i d e d i n t o
f o u r d a y a v e r a g e ( c h r o n i c ) s t a n d a r d s a n d o n e hour a v e r a g e ( a c u t e )
s t a n d a r d s . G r a b s a m p l e s c o l l e c t e d d u r i n g t h e week o f A u g u s t A , 1 9 9 2



c o u l d o n l y b e c o m p a r e d t o t h e a c u t e s t a n d a r d s . T h i s c o m p a r i s o n s h o v s
t h a t n p g r r i d i e n t a n d H n u n g r a H i e n t s a m p l e s f r o m S i l v e r C r e e k m e e t a l l
C l a s s 3 A s t a n d a r d s , e x c e p t t h o s e s t a n d a r d s f o r l e a d a n d z i n c w h i c h a r e
e x c e e d e d i n b o t h u p g r a d i e n t a n d d o v n g r a d i e n t s a m p l e s .

T h e S t a t e C o d e a l s o c o n t a i n s n u m e r i c s t a n d a r d s f o r s u r f a c e v a t e r s
f o r t h e p r o t e c t i o n o f h u m a n h e a l t h . T h o s e a p p l i c a b l e i n o r g a n i c
s t a n d a r d s a r e a l s o p r e s e n t e d i n T a b l e 4 . A l l u p g r a d i e n t a n d
d o v n g r a d i e n t s a m p l e s f r o m S i l v e r C r e e k m e e t t h e h u m a n h e a l t h s t a n d a r d s
f o r a n t i m o n y , c a d m i u m , c h r o m i u m , c o p p e r , s i l v e r , s e l e n i u m , a n d z i n c .
B o t h u p g r a d i e n t a n d d o v n g r a d i e n t s a m p l e s f a i l t o mee t human h e a l t h
s t a n d a r d s f o r a r s e n i c a n d b e r y l l i u m . O n e u p g r a d i e n t s a m p l e , R F - S V - 0 2 ,
d o e s n o t me e t t h e human h e a l t h c r i t e r i a f o r n i c k e l . O n e d o v n g r a d i e n t
s a m p l e , R F - S U - 0 5 , d o e s n o t me e t t h e h u m a n h e a l t h s t a n d a r d f o r l e a d .

W h a t i s i m p o r t a n t t o t h i s r e p o r t vhen e x a m i n i n g i n o r g a n i c
a n a l y t i c a l d a t a f o r S i l v e r C r e e k a n d vhen c o n s i d e r i n g t h e s e v e r a l s t a t e
s t a n d a r d s f o r t h e p r o t e c t i o n o f s u r f a c e v a t e r s ? T h e d e t e c t i o n o f l e a d
i n o n e d o v n g r a d i e n t s a m p l e a t 1 5 1 u g / 1 i s l i k e l y t h e m o s t s i g n i f i c a n t
o b s e r v a t i o n . T h i s l e a d l e v e l a n d t h e r e l a t i v e l y l o v l e a d c o n c e n t r a t i o n
i n t h e f o u r u p g r a d i e n t s a m p l e s c o n s t i t u t e s a v i o l a t i o n o f t h e S t a t e C o d e
f o r p r o t e c t i o n o f C l a s s 1 C a n d C l a s s 4 s u r f a c e v a t e r s . S a m p l e R F - S U - 0 5
a l s o d e m o n s t r a t e s a v i o l a t i o n o f t h e s t a t e s t a n d a r d f o r p r o t e c t i o n o f
h u m a n h e a l t h . T h i s s a m p l e m a y h e l p t o c o n f i r m t h e f i n d i n g s o f e a r l i e r
s t u d i e s o r h i g h l i g h t a n area o f c o n c e r n f o r l a t e r r e m e d i a l a c t i v i t i e s .
I n t h e c o n t e x t o f t h i s p r o j e c t , h o v e v e r , t h i s o b s e r v a t i o n o f a n e l e v a t e d
l e a d l e v e l i n o n e o f t w o d o v n g r a d i e n t s u r f a c e v a t e r s a m p l e s c a n n o t b e
seen a s p o s i n g a n i m m e d i a t e t h r e a t t o h u m a n h e a l t h o r t h e e n v i r o n m e n t .
A " r e l e a s e " h a s been d o c u m e n t e d , h o v e v e r t h e d o c u m e n t a t i o n o f a n o n g o i n g
ev en t i s s p a r s e .

4 .2 .5 G R O U N D U A T E R
O n e u p g r a d i e n t a n d t w o d o v n g r a d i e n t m o n i t o r i n g v e i l s ( F i g u r e 1 )

vere s a m p l e d d u r i n g t h e veek o f A u g u s t 4 , 1 9 9 2 . R e s u l t s o f i n o r g a n i c
a n a l y s e s a r e p r e s e n t e d i n T a b l e 6 . S a m p l e R F - G V - 0 4 i s f r o m t h e
u p g r a d i e n t w e l l ; s a m p l e s R F - G V - 0 5 a n d R F - G U - 0 9 a r e f r o m t w o v e i l s a t t h e
base o f t h e t a i l i n g s d a m .

C a l c u l a t i o n o f t o t a l d i s s o l v e d s o l i d s ( T D S ) l e v e l o f t h e u p g r a d i e n t
veil shovs u p g r a d i e n t g r o u n d v a t e r t o c o n t a i n l e s s t h a n 5 0 0 p a r t s p e r
m i l l i o n ( p p m ) T D S . T h i s f i n d i n g i s c o n s i s t e n t v i t h u p g r a d i e n t T D S
c o n c e n t r a t i o n s f o u n d d u r i n g p r e v i o u s s a m p l i n g a c t i v i t i e s i n A u g u s t 1 9 8 5 .

S t a t e o f U t a h U a s t e v a t e r D i s p o s a l R e g u l a t i o n s , P a r t I I , S t a n d a r d s
o f Q u a l i t y f o r W a t e r s o f t h e S t a t e e s t a b l i s h e s c l a s s e s o f g r o u n d v a t e r .
I f o n l y f i l t e r e d s a m p l e s a r e c o n s i d e r e d , u p g r a d i e n t g r o u n d v a t e r v o u l d b e
c l a s s i f i e d 1 A , P r i s t i n e G r o u n d v a t e r . I f u n f i l t e r e d s a m p l e s a r e
e v a l u a t e d , u p g r a d i e n t g r o u n d v a t e r v o u l d b e c l a s s i f i e d I I I , L i m i t e d U s e
G r o u n d v a t e r . S t a t e r e g u l a t i o n s a l s o e s t a b l i s h p r o t e c t i o n c r i t e r i a v h i c h
p ' - n h i b i t d i s c h a r g e s t o g r o u n d v a t e r t h a t v o u l d cause v i o l a t i o n s o f t h e
n u m e r i c g r o u n d v a c e r q u a ^ i i y i ^ - i i u a i x ^ .



C o m p a r i s o n o f u p g r a d i e n t v e r s u s d o v n g r a d i e n t v a t e r q u a l i t y f r o m
T a b l e 6 shov s t h a t n o i n d i v i d u a l c o n t a m i n a n t s i n c r e a s e t o c o n c e n t r a t i o n s
t h a t w o u l d cause v i o l a t i o n s o f e i t h e r C l a s s 1 A o r C l a s s I I I g r o u n d v a t e r
p r o t e c t i o n s t a n d a r d s . I D S l e v e l s , h o v e v e r , show i n c r e a s e s ( d o v n g r a d i e n t
v e r s u s u p g r a d i e n t ) v e i l i n e x c e s s o f t h e p r o t e c t i o n s t a n d a r d s f o r e i t h e r
C l a s s 1 A o r C l a s s I I I g r o u n d v a t e r s . T h i s i n c r e a s e i n I D S o f g r o u n d v a t e r
i s a t t r i b u t e d t o t h e i n f l u e n c e o f t a i l i n g s m a t e r i a l o n v a t e r c h e m i s t r y
a n d c o n s t i t u t e s a v i o l a t i o n o f s t a t e r e g u l a t i o n s p e r t a i n i n g t o t h e
p r o t e c t i o n o f g r o u n d v a t e r q u a l i t y .

A . 2 . 6 S E D I M E N T
F i g u r e 1 s hov s a " v e t l a n d s " area b e t v e e n t h e base o f t h e t a i l i n g s

d a m a n d S i l v e r C r e e k . W i t h i n t h i s area f o u r s e d i m e n t s a m p l e s were
c o l l e c t e d . R e s u l t s o f i n o r g a n i c a n a l y s e s o f t h e s e s a m p l e s i s p r e s e n t e d
i n T a b l e 7 a l o n g v i t h t h e n o r m a l r a n g e s o f e l e m e n t a l c o n c e n t r a t i o n s i n
s o i l s o f t h e v e s t e r n U n i t e d S t a t e s .

A n a l y t i c a l r e s u l t s shov t h e f o l l o w i n g . A n t i m o n y i s p r e s e n t a t
l e v e l s 3 9 t o 9 8 t i m e s h i g h e r t h a n t h e n o r m a l m a x i m u m c o n c e n t r a t i o n i n
s o i l s o f t h e v e s t e r n U n i t e d S t a t e s . A r s e n i c i s p r e s e n t a t l e v e l s 1 1 t o
2 8 t i m e s h i g h e r t h a n t h e n o r m a l m a x i m u m c o n c e n t r a t i o n i n s o i l s o f t h e
v e s t e r n U n i t e d S t a t e s . C a d m i u m i s p r e s e n t a t l e v e l s 7 5 t o 2 1 0 t i m e s
h i g h e r t h a n t h e n o r m a l m a x i m u m c o n c e n t r a t i o n i n s o i l s o f t h e v e s t e r n
U n i t e d . S t a t e s . L e a d i s p r e s e n t a t l e v e l s 7 5 t o 2 1 0 t i m e s h i g h e r t h a n
t h e n o r m a l m a x i m u m c o n c e n t r a t i o n i n s o i l s o f t h e v e s t e r n U n i t e d S t a t e s .
M e r c u r y i s p r e s e n t a t l e v e l s 1 1 t o 7 4 t i m e s h i g h e r t h a n t h e n o r m a l
m a x i m u m c o n c e n t r a t i o n i n s o i l s o f t h e v e s t e r n U n i t e d S t a t e s . S e l e n i u m
i s p r e s e n t a t l e v e l s 1 7 t o 7 6 t i m e s h i g h e r t h a n t h e n o r m a l m a x i m u m
c o n c e n t r a t i o n i n s o i l s o f t h e v e s t e r n U n i t e d S t a t e s . Z i n c i s p r e s e n t a t
l e v e l s 5 5 t o 4 1 0 t i m e s h i g h e r t h a n t h e normal m a x i m u m c o n c e n t r a t i o n i n
s o i l s o f t h e v e s t e r n U n i t e d S t a t e s .

V a t e r f l o w t h r o u g h t h e v e t l a n d s area i s n o v p r i m a r i l y f r o m t h e
d i v e r s i o n d i t c h . S o m e s e e p a g e f r o m t h e t a i l i n g s area t h r o u g h o r a r o u n d
t h e c o n t a i n m e n t s t r u c t u r e m a y a l s o i n f l u e n c e f l o v a n d / o r c h e m i s t r y o f
t h i s v e t l a n d s ( S e e R e p o r t S e c t i o n o n T a i l i n g s C o n t a i n m e n t ) . F l o v i s
t o v a r d S i l v e r C r e e k , a n d t h i s b a d l y c o n t a m i n a t e d s e d i m e n t a p p e a r s t o b e
t a i l i n g s m a t e r i a l t h a t i s b e i n g t r a n s p o r t e d f r o m t h e s i t e .

I n T a b l e 2 , I n o r g a n i c A n a l y t i c a l R e s u l t s f o r S o i l , s a m p l e R F - S O - 0 3
v a s a s a m p l e o f t a i l i n g s m a t e r i a l . T h i s t a i l i n g s s a m p l e shoved t h e
f o l l o w i n g r a t i o o f s i x e l e m e n t s : a r s e n i c ( 4 . 3 ) ; c a d m i u m ( 1 ) ; c a l c i u m
( 7 1 3 ) ; i r o n ( 8 1 1 ) ; l e a d ( 7 0 ) ; a n d z i n c ( 1 2 0 ) . I n T a b l e 7 , I n o r g a n i c
A n a l y t i c a l R e s u l t s f o r S e d i m e n t , t h e f o u r s e d i m e n t s a m p l e s p l u s o n e
d u p l i c a t e , vhen a v e r a g e d , shov t h e f o l l o v i n g r a t i o o f t h e same s i x
e l e m e n t s : a r s e n i c ( 3 . 1 ) ; c a d m i u m ( 1 ) ; c a l c i u m ( 9 0 4 ) ; i r o n ( 8 0 5 ) ; l e a d
( 7 2 ) ; a n d z i n c ( 1 6 2 ) . T h e s e r a t i o s o f e l e m e n t s a r e very s i m i l a r a n d
l i k e l y i n d i c a t e t h a t s e d i m e n t i n t h e v e t l a n d s area i s t a i l i n g s m a t e r i a l
f r o m t h e s i t e .
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4 . 3 L A N D F I L L A S S E S S M E N T
4 . 3 . 1 G R O U N D V A T E R
T h r e e m o n i t o r i n g v e i l s were i n s t a l l e d i n t h e area o f t h e l a n d f i l l

d u r i n g t h e veek o f J u n e 2 2 , 1 9 9 2 . T h e s e v e i l s vere s a m p l e d d u r i n g t h e
veek o f N o v e m b e r 9 , 1 9 9 2 . S a m p l e l o c a t i o n s a r e s hovn o n F i g u r e 1 .
R e s u l t s o f i n o r g a n i c a n a l y s e s a r e p r e s e n t e d i n T a b l e 8 . T h i s t a b l e a l s o
c o n t a i n s r e s u l t s f r o m a r i n s a t e b l a n k t a k e n d u r i n g s a m p l e c o l l e c t i o n
a n d , f o r r e f e r e n c e , r e s u l t s f r o m R F - M W - 0 4 , a d i s t a n t b a c k g r o u n d
m o n i t o r i n g v e i l .

A s shovn i n F i g u r e 1 , t h e t h r e e m o n i t o r i n g v e i l s ( 1 , 2 a n d 3 ) i n
t h e area o f t h e m u n i c i p a l / s a n i t a r y l a n d f i l l r o u g h l y s u r r o u n d t h e
l a n d f i l l . A n a l y t i c a l r e s u l t s c o n f i r m t h a t s a m p l e l o c a t i o n R F - M V - 0 1 i s
h y d r a u l i c a l l y u p g r a d i e n t t o s a m p l e l o c a t i o n s R F - M V - 0 2 a n d R F - M V - 0 3 .
E s t i m a t e s o f t o t a l d i s s o l v e d s o l i d s ( T D S ) f o r t h i s u p g r a d i e n t m o n i t o r i n g
veil shov t h a t u p g r a d i e n t g r o u n d v a t e r T D S i s w e l l b e l o v 5 0 0 p p m . Based
o n t h e i n o r g a n i c a n a l y t i c a l r e s u l t s o f T a b l e 8 a n d a T D S v a l u e o f l e s s
t h a n 5 0 0 p p m , g r o u n d v a t e r i m m e d i a t e l y u p g r a d i e n t o f t h e l a n d f i l l i s
c l a s s i f i e d a s C l a s s 1 A , P r i s t i n e G r o u n d v a t e r , b y t h e S t a t e o f U t a h
G r o u n d v a t e r Q u a l i t y S t a n d a r d s .

S t a t e p r o t e c t i o n l e v e l s f o r C l a s s 1 A g r o u n d v a t e r s a r e very r i g i d .
U t a h s t a n d a r d s i n c l u d e t h e f o l l o w i n g r e q u i r e m e n t s f o r C l a s s 1 A
g r o u n d v a t e r s .

1 . T D S m a y n o t i n c r e a s e above 1 . 1 t i m e s t h e b a c k g r o u n d v a l u e .
2 . I n n o case v i l l t h e T D S i n c r e a s e above 5 0 0 p p m .
3. V h e n a c o n t a m i n a n t i s p r e s e n t in a d e t e c t a b l e a m o u n t as a

b a c k g r o u n d c o n c e n t r a t i o n , t h e c o n c e n t r a t i o n o f t h e p o l l u t a n t
may no t exceed 1 .1 t i m e s t h e b a c k g r o u n d c o n c e n t r a t i o n or
exc e ed 0 . 1 t i m e s t h e g r o u n d v a t e r q u a l i t y s t a n d a r d v h i c h e v e r i s
g r e a t e r .

4. V h e n a c o n t a m i n a n t i s not p r e s e n t in a d e t e c t a b l e a m o u n t as a
b a c k g r o u n d c o n c e n t r a t i o n , t h e c o n c e n t r a t i o n o f t h e p o l l u t a n tm a y n o t e x c e ed 0 . 1 t i m e s t h e g r o u n d v a t e r q u a l i t y s t a n d a r d
v a l u e , o r exceed t h e l i m i t o f d e t e c t i o n v h i c h e v e r i s g r e a t e r .

5 . I n n o case v i l l t h e c o n c e n t r a t i o n o f a p o l l u t a n t b e a l l o v e d t o
exceed t h e g r o u n d v a t e r q u a l i t y s t a n d a r d .

C o m p a r i s o n o f t h e b a c k g r o u n d s a m p l e , R F - M V - 0 1 , v i t h t h e t v o
d o v n g r a d i e n t s a m p l e l o c a t i o n s , R F - M V - 0 2 a n d R F - M V - 0 3 , shovs t h e
f o l l o v i n g .

1 . T D S l e v e l s i n g r o u n d v a t e r i n c r e a s e i n d o v n g r a d i e n t l o c a t i o n s
t o c o n c e n t r a t i o n s above 5 0 0 p p m .

2 . O f s p e c i f i c i n o r g a n i c c o n t a m i n a n t s , a r s e n i c shovs t h e m o s t
s i g n i f i c a n t i n c r e a s e i n c o n c e n t r a t i o n f r o m u p g r a d i e n t t o
d o v n g r a d i e n t s a m p l e s . A r s e n i c v a s b e l o v 5 . 0 p p b o r u n d e t e c t e d
i n t h e t j n g r a o i e n t s a n p l e ( P . F - G V - 0 1 ) . D i s s o l v e d a r s e n i c v a s 2 4
p p b i n R F - M w - 0 2 a n a 5 9 a n d / O p p j i n t v o sa . r .p i e i f r o m
R F - G V - 0 3 . T h e s t a t e g r o u n d v a t e r q u a l i t y s t a n d a r d f o r ar^er. ic
i s 5 0 p p b . T h i s i s a c l e a r v i o l a t i o n o f s t a t e g r o u n d v a t e r
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p r o t e c t i o n r e q u i r e m e n t s v h i c h c a n b e a t t r i b u t e d t o t h e
l a n d f i l l .

T h e g r o u n d u a t e r s a m p l e s t a k e n f r o m t h e area o f t h e l a n d f i l l were
a l s o a n a l y z e d f o r o r g a n i c c o n t a m i n a n t s ( v o l a t i l e s , b a s e - n e u t r a l a c i d
e x t r a c t a b l e c o m p o u n d s , a n d p e s t i c i d e s / P C 3 s ) . A n a l y t i c a l r e s u l t s o r
o r g a n i c a n a l y s e s a r e n o t t a b u l a t e d i n t h i s r e p o r t b u t c a n b e s u m m a r i z e d
a s f o l l o v s .

1 . F i v e v o l a t i l e c o m p o u n d s ( t o l u e n e , m e t h y l e n e c h l o r i d e , b e n z e n e ,
a c e t o n e , 1 , 2 - d i c h l o r o e t h e n e ) were f o u n d i n o n e o r more s a m p l e s
a t very l o w c o n c e n t r a t i o n s . T h e s e c o n c e n t r a t i o n s vere b e l o w
t h e c o n t r a c t r e q u i r e d d e t e c t i o n l i m i t o f 1 0 p p b a n d c a n n o t b e
c o n s i d e r e d s i g n i f i c a n t .

2 . T h r e e b a s e - n e u t r a l a c i d e x t r a c t a b l e c o m p o u n d s were f o u n d i n
o n e o r more s a m p l e s a t v ery l o w c o n c e n t r a t i o n s . T h e t h r e e
c o m p o u n d s were p h t h a l a t e c o m p o u n d s p r e s e n t a t 1 t o 2 p p b .
T h e s e a n a l y t i c a l f i n d i n g s were n o t s i g n i f i c a n t b e c a u s e t h e
c o m p o u n d s were a l s o d e t e c t e d i n l a b o r a t o r y b l a n k s o r t h e
c o n c e n t r a t i o n s f o u n d were b e l o w t h e c o n t r a c t r e q u i r e d
d e t e c t i o n l i m i t s . P h t h a l a t e s a r e c o m m o n l a b o r a t o r y
c o n t a m i n a n t s .

3 . N o p e s t i c i d e o r P C B w a s d e t e c t e d i n a n y o f t h e g r o u n d w a t e r
s a m p l e s ( R F - M W - 0 1 , R F - M V - 0 2 , R F - M W - 0 3 ) .

4 . 3 . 2 S U R F A C E V A T E R
O f t h e s i x s u r f a c e w a t e r s a m p l e l o c a t i o n s s hown i n F i g u r e 1 , t w o

l o c a t i o n s ( R F - S V - 0 1 a n d R F - S V - 0 2 ) were u p g r a d i e n t o f t h e l a n d f i l l ; t h e
o t h e r l o c a t i o n s were d o w n g r a d i e n t . C o m p a r i s o n b e t w e e n u p g r a d i e n t a n d
t h e t w o c l o s e s t d o w n g r a d i e n t s a m p l e s ( R F - S V - 0 3 a n d R F - S V - 0 4 ) o f
i n o r g a n i c d a t a ( T a b l e 3 ) show n o s i g n i f i c a n t i n c r e a s e s i n c o n t a m i n a n t
c o n c e n t r a t i o n s a s S i l v e r C r e e k f l o w s p a s t t h e l a n d f i l l .

T h e s e s i x s u r f a c e w a t e r s a m p l e s were a l s o a n a l y z e d f o r o r g a n i c s
( V O A s , B N A s , P e s t i c i d e s / P C B s ) . I n a l l s a m p l e s n o p e s t i c i d e / P C B s were
d e t e c t e d a t o r above t h e i n s t r u m e n t d e t e c t i o n l e v e l . O n e B N A c o m p o u n d ,
b i s ( 2 - e t h y l h e x y l ) p h t h a l a t e , C a s N u m b e r 117-81-7 , w a s d e t e c t e d a t
c o n c e n t r a t i o n s b e t w e e n 0 . 6 a n d 1 p p b a t s a m p l e l o c a t i o n s R F - S V - 0 1 ,

R F - S W - 0 2 , R F - S V - 0 3 , a n d R F - S V - 0 4 . T h i s c o m p o u n d i s a very c ommon
l a b o r a t o r y c o n t a m i n a n t . A t t h e very l o w l e v e l s d e t e c t e d i t s p r e s e n c e
cannot b e c o n s i d e r e d s i g n i f i c a n t . T o l u e n e w a s d e t e c t e d a t 3 p p b a t
t h r e e s a m p l e l o c a t i o n s , R F - S V - 0 1 , R F - S V - 0 2 , a n d R F - S V - 0 3 . A t t h e s e v e ry
l o w c o n c e n t r a t i o n s t h e p r e s e n c e o f t o l u e n e i s n o t a c e r t a i n t y ; h o w e v e r
b e c a u s e t w o o f t h e t h r e e s a m p l e l o c a t i o n s were u p g r a d i e n t o f t h e
l a n d f i l l , t h e p r e s e n c e o f t h i s c o n t a m i n a n t w o u l d n o t b e a t t r i b u t e d t o
t h e l a n d f i l l .

I n s u m m a r y , n o s i g n i f i c a n t f i n d i n g s came f r o m t h e o r g a n i c a n a l y s e s
n r- r- • i r- r p - n '.' P f ^ . -T n .1 .
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4 . 4 S I T E A C C E S S
A s e c u r i t y f e n c e h a s been p u t i n p l a c e s u r r o u n d i n g t h e s i t e . B a s e d

u p o n t h e T A T ' s i n s p e c t i o n s a n d o b s e r v a t i o n s d u r i n g s i t e a c t i v i t i e s a n d
based u p o n o b s e r v a t i o n s m a d e b y U P C M t h i s s e c u r i t y f e n c e h a s been very
e f f e c t i v e a t p r e v e n t i n g acc e s s t o t h e s i t e . B e f o r e t h e s e c u r i t y f e n c e
w a s c o n s t r u c t e d , t h e s i t e w a s m o s t n o t a b l y used b y " o f f r oad" m o t o r c y c l e
e n t h u s i a s t s .
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TABLE 1 
COVER DEPTH MEASUREMENT 

RICHARDSON FLAT TAILINGS SITE 
TDD #T08-9204-Q15 

LOCATION 

200, OL 
600, OL 
1000, OL 
1400, OL 
1800, OL 
2200, OL 
2600, OL 
2380, 400L 
1928, 400L 
1516, 400L 
1119, 400L 
737, 400L 
330, 400L 
2800, 800L 

2571, 800L 

2215, 800L 

1785, 800L 

1407, 800L 
945, 800L 
531, 800L 
166, 800L 
130, 400L 
-70, 400L 
-70, 600L 
2000, 1200L 

2400, 1200L 

2800, 1200L 

3200, 1200L 

3400, 1200L 

DEPTH OF VISUAL XRP XRF 
COVER CONFIRMATION CONFIRMATION SAMPLE NUMBERS 

10" Yes Yes RF020, 021 
3-6" Yes Yes RF022,023,024,025 
>18" 
>18" 
>18" RF026 
0-6" No Yes RF027,028,029,030 
6-10" Yes Yes RF032,033,034,035 
8-9" Yes Yes RF036,037,038,039 
5-6" Yes Yes RF040,041,042 
>6" 
4" Yes Yes RF044,045 
7-8" Yes Yes RF048,049,050 
8" Yes Yes RF055,056 
No Cover Yes Yes RFQ57,058,059,060 
(Salt Grass) 

1 

No Cover Yes Yes RF061,062 
(Salt Grass) 

RF063,064 No Cover Yes Yes RF063,064 
(Salt Grass) 
No Cover Yes Yes RF065,066 
(Salt Grass) 

RF067,068,069 3"' Yes Yes RF067,068,069 
6-7" Yes Yes RF071,072,073 
7-8" Yes Yes RF074,075 
No Cover Yes Yes RF076,077 
2"" Yes Yes RF080,081,082 
6.5" Yes Yes RF083,084,085 
nr Yes Yes RF086,087,088,089 
No-Cover Yes Yes Rf091,092 
(Salt Grass) 

RF093,094• No Cover Yes Yes RF093,094• 
(Salt Grass) 

RF095,096 No Cover Yes Yes RF095,096 
(Salt Grass) 

RF097,098 No Cover Yes Yes RF097,098 
(Salt Grass) 

RF099,100 >10" Yes Yes RF099,100 



TABLE 2 
RICHARDSON FLATS TAILINGS 

INORGANIC ANALYTICAL RESULTS FOR SOIL 
CONCENTRATION IN mg/kg 
TDD RT08-9204-015 

AM vLYTE NORMAL RANGE 
(mg/kg) * 

RF-S0-01 RF-S0-02 RF-S0-03 RF-S0-04 RF-SO-05 RF-SO-

Aliminum 29000-116000 21200 25300 2960 25800 22000 25200 
An timony 0.22-1.01 5.0U 5.0U 142J 5.0U 5. 7NJ 5.6NJ 
Arsenic 2.8-10.9 20.9 J 3.5 J 357J 5.9 J 16.6J 8.9 J 
Ba r ium 337-998 253 282 117 267 317 197 
Be ryllium 0.30-1.56 1.1 1.1 1.2 1.2 1.1 1.2 
Ca Minium 0.01-2.0*** 3.0 J 1.8J 83. OJ 1.9 J 5.0J 2.4J 
CoIcium 5850 5900 59200 5900 9480 4920 
Chromium 19-90 24.4 J 2 7.9 J 12.9 J 22.2J 24.3J 28.2 J 
Cobalt 3.6-14.0 13.9 12.7 12.6 15.0 14.5 10. OB 
Copper 10-43 31.4 24.8 454 27.2 50.4 29.4 
Iron 10600-41000 21800 25600 67300 23500 27500 23100 
Load 9-31 111 34.9 5770 125J 223 102 
Magnesium 4910 5200 10100 5150 4780 5570 
Manganese 192-752 1190 637 2020 899 1030 697 
Mercury 0.02-0.11 0.11U 0.11U 3.6 J 0.10U 0.11U 0.16J 
N:ckel 7-32 20.7 21.6 18.5 18.4 21.3 19.9 
Po tassium 4730 4580 917 4330 4540 5650 
Selenium 0.09-0.56 0.61U 0.61J 25.4 J 0.61U 0.61U 0.61U 
Silver 0.01-8*** 4.1 J 2.0 J 20.3 J 2 .OJ 2.0 J 2.0 J 
S< dium 136NJ 319NJ 209NJ 244NJ 248NJ 159NJ 
Thallium 0.1-0.8*** 0.35NJ 0.43NJ 41.7 0.59NJ 1.9NJ 0.32U 
Vanadium 36-136 41.4 56.3 13.0 51.4 57.4 42.2 
Z nc 31-98 214 96.3 10000 127 432 184 

* Data From: Shacklette, II.T., and Boerngen J.G., 1984; Element Concentrations in Soils and 
C her Surficial Materials of the Conterminous United States, U.S. Geological Survey Professional 
Paper 1270, 105pp. 

- Boven, H.J.M., 1979, Environmental Chemistry of the Elements, Academic Press, NY. 



TABLE 3 
RICHARDSON FLATS TAILINGS 

INORGANIC ANALYTICAL RESULTS FOR SURFACE WATER 
CONCENTRATION IN pg/1 
TDD HT08-9204-015 

ANALYTE RF-SW-01 RF-SW-02 RF-SW-03 RF-SW-04 RF-SW-05 RF-SW-06 RF-SW-07 RF-SV-08 

A1uminum 20.3NJ 70.INJ 19.3NJ 65.5NJ 17.1U 185NJ 36.7NJ 319 
Ai ciraony 36.7NJ 24.8NJ 24.3U 38.7NJ 24.3U 30.INJ 24.30 24.30 
A:senic 4.2NJ 5.2NJ 7.3NJ 7.6NJ 7.2NJ 12.5 J 5.7NJ 11.4J 
B, rium 49.2NJ 54.6NJ 50.5NJ 54.4NJ 65.6NJ 66.0NJ 32.7NJ 54.3NJ 
B. ryllium 3.4NJ 2.8NJ 2.1NJ 2.1NJ 2.4NJ 0.93NJ 3.2NJ 1.0NJ 
C itimium 3.9NJ 3.3U 3.3U 3.5NJ 3.3U 3.3U 3.3U 3.3U 
C. lcium 233000 157000 128000 149000 163000 146000 341000 190000 
C!:roinium 7.8U 7.8U 7.8U 7.8U 7.8U 7.8U 7.8U 7.8U 
C.bait 6.0U 6.0U 6.0U 10.4NJ 6.0U 6.0U 6.0U 6.0U 
C< pper 20. OU 20. OU 20. OU 20. OU 20. OU 20. OU 20. OU 20.0NJ 
1 on 193 158 307 356 279 446 703 1320 
L ad 35.3 J 18.8J 15.OJ 36.4 J 151J 33.2 J 33.3J 146 J 
Magnesium 38700 37000 30600 33600 36700 37700 61000 38100 
Manganese 249J 495J 4 58J 438.1 269J 399J 9230J 1590J 
Marcury 0.20U 0.20U 0.20U 0.20U 0.20U 0.20U 0.24 0.20U 
Nckel 11.1U 25.4NJ 11.1U 11.1U 11.1U 11.1U 12.8NJ 20.9NJ 
F > tassium 3510NJ 21IONJ 1640NJ 1950NJ 1270NJ 1400NJ 31SONJ 11SONJ 
Sjienium 15.OU 15.0U 15.OU 15. OU 15. OU 15. OU 15.OU 15.OU 
S1lver 2.4U 2.4U 2.4U 2.4U 2.4U 10. ON 10. OU 10. OU 
Sodium 63600 24500 20900 25500 25900 27600 51200 29500 
T aallium 1.6U 1.6U 1.6U 1.6U 1.6U 1.6U 1.60 1.6U 
V madium 35.7U 35, 7U 35.7U 35.7U 35.7U 35.7U 35.7U 35.7U 
2; nc 1110J 2080J 7 69J 776J 466J 321J 64.2 J 7 45J 



TABLE A 
NUMERIC STANDARDS OF QUALITY 

SILVER CREEK 
STATE OF UTAH 

WASTEWATER DISPOSAL REGULATIONS 

DOMESTIC 
SOURCE (1C) 
(Max. ug/1) 

AQUATIC 
WILDLIFE (3A) 
A Day Avg./l Hr. Avg. 
(ug/1) 

HUMAN 
AGRICULTURAL (A) HEALTH (B) 
(Max. Ug/1) (Ug/1) 

Antimony 

Arsenic 

Barium 

Beryllium 

i Cadmium 

Chromium 
! 

J 

cl 

Iron 

Lead 

Mercury 

:Nickel 

Selenium 

Silver 

Zinc 

50 

1000 

10 

50 

50 

2 

10 

50 

190/360 (tri As) 

2.5/12.5 

11/16 (hex Cr) 

A80/A035 (tri Cr)1 

28,5/A7A 

1000 (Max.) 

2.5/5.7A 

.012/2.A 

377/3390A 

5/20 

/2AA 

25A/280A 

100 

10 

100 

200 

100 

50 

1A6 

.002 

.0037 

10 

50 

1000 

50 

. 1A4 

13.A 

10 

50 

5000 

* - Based on hardness level of 280 mg/1 as CaCOy 

B - Human health criteria applied to all Class 1C vater bodies to protect for the 
consumption of water and aquatic organisms. 



TABLE 5 
FEDERAL QUALITY CRITERIA FOR WATER 

RICHARDSON FLATS TAILINGS 
TDD #T08-9204-015 

(Concentration in Ug/1 Unless Otherwise Stated) 

CRITERIA FOR PROTECTION CRITERIA FOR PROTECTION 
OF FRESH WATER WILDLIFE OF HUMAN HEALTH 

ACUTE CHRONIC WATER AND FISH FISH CONSUMPTION 
CRITERIA CRITERIA INGESTION ONLY 

Antimony 9000* 1600* 1.46 
Arsenic 850 (pent)* 48 (pent)* 2.2 ng/1** 17.5 rig/1** 

360 (tri) 190 (tri) 
Barium 1 mg/1 
Beryllium 130* 5.3* 6.8 ng/1** 117 ng/1** 
Cadmium 12.5A 2.5A 10 
Chromium (hex) 16 11 50 
Chromium (tri) 170 mg/1 3433 mg/1 
Copper 46.8A 28.5A 
Iron 1000 0.3 mg/1 
Lead 303A 11.8A 50 
Amganese 50 100 
Wercury 2.4 0.012 144 ng/1 146 ng/1 
Nickel 3390A 377A 13.4 100 
Selenium 260 35 10 
Silver 24A .12 50 
Thallium 1400* 40* 13 48 
Zinc 280A 254A 

From: Quality Criteria for Water, 1986, EPA 440/5-86-001. 

A - Calculated based on hardness at 280 mg/1 CaCÔ . 

* - Insufficient data to develop criteria. Value presented is the Lowest 
Observed Effect Level (LOEL). 

** - Human health criteria for carcinogens reported for three risk levels. Values 
presented is the 10~ risk level. 



• 
TABLE 6 

RICHARDSON FLATS TAILINGS 
INORGANIC ANALYTICAL RESULTS FOR GROUNDWATER 

CONCENTRATION IN pg/1 
TDD #108-9204-015 

RF--GW-04 RF--GW-05 RF--GW-09 
AHALYTE TOTAL DISSOLVED TOTAL DISSOLVED TOTAL DISSOLVED 

(FILTERED) (FILTERED) (FILTERED) 

Aluminum 15700 191NJ 2690 49.6NJ 1630 68.5NJ 
Ar.timony 24.3U 33.2NJ 24.3U 40.5NJ 28.4NJ 35.9NJ 
A>. senic 3.7NJ 3.6U 5.2NJ 3.6U 11.3J 8.8NJ 
IV. i L i urn 196NJ 93.9NJ 99.6NJ 64. NJ 58.3NJ 46.2NJ 
r> ryllium 1.3NJ 0.90U 3.4NJ 1.8NJ 4.9NJ 3.7NJ 
Cadmium 3.3U 3.3U 3.3U 3.3U 3.3U 3.3U 
Calcium 42200 43500 191000 ' 196000 318000 365000 
Chromium 10.5 7.8U 7.8U 7.8U 7.8U 7.8U 
Cobalt 11.ONJ 6.0U 7.5NJ 6.0U 9.0NJ 6 .OU 
Copper 30.0 171J 30.0 20.0NJ 20.0NJ 20. OU 
I on 14100 151 3180 62.6NJ 3190NJ 2170 
L and  627J 40.9 J 15.6J 2.2U 31.OJ 2.2U 
Magnesium 12200 8380 44200 41800 52500 55000 
Manganese 162J 19.5J 890J 684J 6670J 7420J 
Mercury 0.20U 0.20U 0.20U 0.20U 0.20U 0.20U 
NL ckel 13.0NJ 11.1U 11.1U 24.9B 25.6NJ 28.9NJ 
Iotassium 3970NJ 1360NJ 6060 5530 3290NJ 30IONJ 
Selenium 3.0U 3.0U 15. OU 15. OU 15. OU 15.OU 
S  ilver 2.4U 10. OU 2.4U 10. OU 3.3NJ 10. OU 
Sodium 16100 16800 38100 35700 48600 49700 
Thallium 1.6U 1.6U 1.6U 1.6UW 1.6U 1.6U 
Vanadium 35.7U 35.7U 35.7U 35.7U 35.7U 35.7U 
S ine  136J 20.1 J 99.5J 14.4NJ 92.5J 13.1NJ 



La ttwj Ux»<«J fc. • • 
TABLE 7 

RICHARDSON FLATS TAILINGS 
INORGANIC ANALYTICAL RESULTS FOR SEDIMENT 

CONCENTRATION IN mg/kg 
TDD #T08-9204-015 

At ALYTE NORMAL RANGE 
(mg/kg) * 

RF-SE-01 RF-SE-01D RF-SE-02 RF-SE-03 RF-SE-( 

A]uminum 29000-116000 28800 28300 1930 4530 11800 
Antimony 0.22-1.01 98.5 J 97.2 J 85.4 J 99.OJ 40.1 J 
Arsenic 2.8-10.9 202J 128J 189J 310 J 189J 
Barium 337-998 260 307 92.1 157 562 
Beryllium 0.30-1.56 2.3 2.2 1.2NJ 1. IN J 2. 3NJ 
Cadmium 0.01-2.0*** 75.6J 93.1J 52.8J 64.9 J 40.3 J 
Calcium 39800 50800 56300 51000 96000 
CI romium 19-90 57.7J 62.4 J 15.8J 14.9J 25. OJ 
C< bait 3.6-14.0 13.4 20.0 5.8NJ 19.3 10.4NJ 
Capper 10-43 571 725 183 313 190 
I; on 10600-41000 31400 42800 31100 91900 64400 
Lead 9-31 6520 6210 3010 5220 2350 
Magnesium 14100 14100 13800 11900 10900 
Manganese 192-752 3100 5060 2200 2330 42000 
Mercury 0.02-0.11 5.9 J 8.2 J 2.7 J 2.4 J 1.3 J 
N.ckel 7-32 41.6 51.2 13.2 21.3 97.2 
Ptassium 4760 4760 886NJ 1120 2710 
Selenium 0.09-0.56 9.9 J 14.5J 11.4J 43.1J 12.OJ 
Silver 0.01-8*** 28.2 J 41.3J 10.7 J 16.3J 8.0 J 
Sdium 472NJ 555NJ 206NJ 634NJ 1150 
Thallium 0.1-0.8*** 7.1 7.8 13.6 7.8 6.6 
Vanadium 36-136 65.4 70.6 9.5NJ 17.8 28.4 
Z i nc 31-98 12700 15200 8160 11200 5400 

* Data From: Shacklette, H.T., and Boerngen J.G., 1984; Element Concentrations in 
Sails and Other Surficial Materials of the Conterminous United States, U.S. Geological 
Survey Professional Paper 1270, 105pp. 

*-* - Boven, H.J.M., 1979, Environmental Chemistry of the Elements, Academic Press, 
N 



TABLE 8 
RICHARDSON FLATS TAILINGS 

INORGANIC ANALYTICAL RESULTS FOR GROUNDWATER - LANDFILL AREA 
CONCENTRATION IN yg/L 
TDD HT08-9210-041 

RF-Mtf--01 RF-MV--02 RF-MV--03 
TOTAL DISSOLVED TOTAL DISSOLVED TOTAL DISSOLVED 

ANALYTE (FILTERED) (FILTERED) (FILTERED) 

Aluminum 4600 J 18.1 UJ 94900 J 1710 J 58000 J 16.3 UJ 
An timony 14.8 U 14.8 U 14.8 U 14.8 U 14.8 U 14.8 U 
Arsenic 3.8 J 3.2 U 66.8 24.2 81.1 58.5 
Barium 178 J 123 J 1180 125 J 622 84.2 J 
Beryllium 0.35 U 0.30 U 4.6 J 0.30 U 3.2 J 0.30 U 
Cadmium 1.5 U 1.5 U 38.1 1.5 U 1.5 U 1.5 U 
Calcium 102000 100000 320000 298000 230000 209000 
Chromium 3.7 J 2.6 UJ 110 J 2.6 UJ 66.7 J 2.6 UJ 
Cobalt 1.8 U 1.3 U 44.9 J 15.4 U 36.1 J 3.5 U 
Copper 7.4 U 1.9 U 142 1.9 U 51.8 U 1.9 U 
Iron 3410 5.8 U 77700 859 58000 5210 
Lead 1.6 J 2.9 J 187 1.7 J 29.5 3.9 
Magnesium 21900 21000 74800 47800 75800 54300 
Manganese 150 74.9 22300 19900 11500 8350 
Mercury 0.33 0.17 0.49 0.10 U 0.10 U 0.17 
Nickel 2.7 U 2.6 U 93.1 16.4 U 71.2 8.6 U 
Potassium 1780 J 1460 J 22100 J 3800 J 12800 J 1070 J 
Selenium 3.9 U 3.9 U 19.5 UJ 3.9 U 19.5 UJ 3.9 U 
Silver 3.6 U 3.6 U 3.6 U 3.6 U 3.6 U 3.6 U 
Sodium 26200 26000 83600 82400 85900 84000 
Thallium 3.8 U 3.8 U 3.8 U 3.8 U 3.8 U 3.8 U 
Vanadium 6.8 J 3.2 J 149 3.4 J 88.9 2.5 U 
Zinc 24.7 U 7.0 U 448 20.6 U 177 5.7 U 



TABLE 8 CONT. 
RICHARDSON FLATS TAILINGS 

INORGANIC ANALYTICAL RESULTS FOR GROUNDWATER - LANDFILL AREA 
CONCENTRATION IN ug/L 
TDD HT08-9210-041 

RF-MV--03 (DUP.) RF-GV -04 RF-GW-30 
tOTAL DISSOLVED TOTAL DISSOLVED (RINSATE 

ANALYTE (FILTERED) (FILTERED) BLANK) 

Aluminum 44700 J 14.7 UJ 15700 191 B 14.7 UJ 
Antimony 14.8 U 14.8 U 24.3 U 33.2 B 17.9 J 
Arsenic 81.7 70.0 3.7 B 3.6 U 3.2 U 
Barium 514 85.1 J 196 B 93.9 B 1.4 U 
Beryllium 2.4 U 0.30 U 1.3 B 0.90 U 0.30 U 
Cadmium 1.5 U 1.5 U 3.3 U 3.3 U 1.5 U 
Calcium 230000 211000 42200 43500 201 J 
Chromium 48.8 J 2.6 UJ 10.5 7.8 U 2.6 UJ 
Cobalt 28.2 J 3.5 U 11.0 B 6.0 U 1.3 U 
Copper 37.6 U 1.9 U 30.0 171 EN* 1.9 U 
Iron 44900 5240 14100 151 18.1 U 
Lead 29.9 2.7 J 627 N* 40.9 N* 2.7 J 
Magnesium 72000 54900 12200 8380 49.6 U 
Manganese 11200 8440 162 E 19.5 E 7.0 U 
Hercury 0.10 U 0.10 U 0.20 U 0.20 U 0.10 U 
Nickel 55.1 7.2 U 13.0 B 11.1 U 3.4 U 
Potassium 10500 J 1060 J 3970 B 1360 B 108 J 
Selenium 19.5 UJ 3.9 U 3.0 UNV 3.0 UN 3.9 U 
Silver 3.6 U 3.6 U 2.4 UN 10.0 UN 3.6 U 
Sodium 87800 84700 16100 16800 259 J 
Thallium 3.8 U 3.8 U 1.6 U 1.6 U 3.8 U 
Vanadium 69.5 2.6 J 35.7 UN 35.7 UN 2.5 U 
Zinc 136 5.7 U 136 EN 20.1 EN 5.7 U 



TABLE 9 
RICHARDSON FLATS TAILINGS 

LIST OF INORGANIC DATA QUALIFIERS 
TDD #T08-9204-015 

B - Entered if the reported value is less than the Contract Required 
Detection Limit (CRDL) but greater than or equal to the Instrument 
Detection Limit (IDL). 

E - The reported value is estimated because of the presence of 
interference. An explanatory note must be included under comments on 
the Cover Page (if the problem applies to all samples) or on the 
specific FORM I-IN (if it is an isolated problem). 

J - The associated numerical value is an estimated quantity because the 
reported concentrations were less than the required detection limits or 
quality control criteria were not met. 

N - Matrix spiked sample recovery not within control limits. 

S - The reported value was determined by the Method of Standard 
Additions (MSA). 

U - Entered if the analyte was analyzed for but not detected, i.e., 
less than the IDL. 

U - Post digestion spike for Furnace AA analysis is out of control 
limits (85-115%), while sample absorbance is less than 50% of spike 
absorbance. 

* - Duplicate analysis is not within control limits. 

+ - Correlation coefficient for the MSA is less than 0.995. 
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S u b j e c t : I n s p e c t i o n o f t h e T a i l i n g s D a m a t R i c h a r d s o n F l a t s T 0 8 -

9 2 0 4 - 0 1 5 .

U n d e r T D D # T 0 8 - 9 2 0 4 - 0 1 5 t h e U . S . E n v i r o n m e n t a l P r o t e c t i o n A g e n c y
( E P A ) t a s k e d t h e E c o l o g y & E n v i r o n m e n t , I n c . T e c h n i c a l A s s i s t a n c eT e a m ( T A T ) t o i n s p e c t t h e T a i l i n g s D a m a t t h e R i c h a r d s o n F l a t sT a i l i n g s P o n d near P a r k C i t y , U t a h a n d t o p r o v i d e a r e p o r t o n t h e

f i n d i n g s o f t h e i n s p e c t i o n . T h e i n s p e c t i o n d i d n o t e n c o m p a s s a n yt r e n c h i n g or borir .g in the embankment which w o u l d be r equired fora f u l l a s s e s s m e n t o f t h e s t ruc tur e . T h i s r e p o r t r e l i e s h e a v i l y o nthe two r e p o r t s g e n e r a t e d by Dames and M o o r e , Inc. , and on a v i suali n s p e c t i o n o f t h e s t r u c t u r e . T h e Dames & M o o r e r e p o r t s a r e "Report
o f Embankment a n d D i e D e s i g n R e q u i r e m e n t s P r o p o s e d T a i l i n g s PondD e v e l o p m e n t N e a r P a r k C i t y , U t a h f o r Park C i t y V e n t u r e sC o r p o r a t i o n " ( 1 9 7 4 ) a n d "Repor t o n T a i l i n g P o n d I n v e s t i g a t i o n nearP a r k C i t y , U t a h f o r N o r a n d a " M i n i n g , I n c " ( 1 9 S O ) .

B A C K G R O U N D
T h e R i c h a r d s o n F l a t s T a i l i n g s P o n d , l o c a t e d near P a r k C i t y , U t a h ,
was a t a i l i n g s p o n d wh i ch rece ived s l u r r i e d m i l l and mine was t e sf r o m m i n i n g o p e r a t i o n s i n t h e Park C i t y area. T a i l i n g s weret r a n s p o r t e d t o t h e p o n d v ia a s l u rry p i p e l i n e . A c c o r d i n g t o t h eh i s t o r i c a l r e c o r d s , R i c h a r d s o n F l a t s w a s o r i g i n a l l y a f l a t areaw i t h i n t e r m i t t e n t d r a i n a g e s a n d S i l v e r C r e e k runn ing acros s i t .T h e area w a s s omewhat marshy a n d b o g g y . T h e o r i g i n a l t a i l i n g s d a mw a s c o n s t r u c t e d o f o r g a n i c s o i l s e x c a v a t e d f r o m t h e s i t e a n d p i l e d
up t o f o r m a s m a l l berrn. L a t e r ra i s e s f or th e embankment werec o n s t r u c t e d , a s n e e d e d , o u t o f s a n d s , g r a v e l s , o r g a n i c s i l t s , a sw e l l a s rubb i sh a n d g a r b a g e ( D a m e s & M o o r e , I n c 1 9 7 4 ) .
I n 1974 Dames & M o o r e , I n c . w a s c o n t r a c t e d b y Park C i t y V e n t u r e sC o r p o r a t i o n , t h e owners o f t h e mine , t o i n v e s t i g a t e e n l a r g i n g t h e
t a i l i n g s p o n d . D a m e s Z M o o r e I n c . , w a s t o p r o v i d e d e s i g n
"*" G C? « ">""" -3, lUG.Il'u.ij Z O""" C'^S """""""^"j^riCl Q~'J!JCi'^'"""Lint^S '••/ " "~ ""* 3 O G (J .1. ci J_ ci C. "C £ 11 "L. J- O i~lg iven t o m i n i m i z i n g s e e p a g e o f c o n t a m i n a t e d p o n d e f f l u e n t f r o m t h et a i l i n g s p o n d . T h e i n v e s t i g a t i o n p r o g r a m c o n s i s t e d o f e x p l o r a t o r y



c o r i n g , t e s t p i t s , _ a o c r a t o r y a n a l y s i s f o r s t r e n g t r . c h a r a c t e r i s t i c s
o f t h e s o i l s , a n d a n a l y s i s z t t h e d a t a t o p r o v i d e d e s i g n
r e q u i r e m e n t s . T h e r e p o r t c a l l e d f o r c o n s t r u c t i o n o f a maine m b a n k m e n t . , a d i k e a l o n g t h e s o u t h e r n a n d r.ortr.ern e n d s o f t h e
o o n d . a n d c o n s t r u c t i o n c f a d i v e r s i o n d i r c n t o r o u t e r u n o f f awav

I n 1 5 7 4 t h e e m b a n k m e n t s a n d d i v e r s i o n d i t c h v / e r e c o n s t r u c t e d ,g e n e r a l l y i n a c c o r d a n c e w i t h t h e r e q u i r e m e n t s a s o u t l i n e d i n t h e
D a m e s & M o c r e r e p o r t .
I n 1 5 S O Dames & M o o r e , I n c . a g a i n i n v e s t i g a t e d t h e s t r u c t u r e f o r
N o r a n d a M i n i n g , I n c . , t h e n e w owners o f t h e m ine . A s s t a t e d i n t h er e p o r t s i n t r o d u c t i o n t h e o b j e c t i v e c f t h i s i n v e s t i g a t i o n w a s t o"... a s s e s s t h e o v e r a l l c o n d i t i o n a n d u s e f u l n e s s o f t h e e x i s t i n gf a c i l i t i e s a n d t o d e t e r m i n e what mea sur e s w i l l b e r equ ir ed f o rl o n g - t e r m t a i l i n g s d i s p o s a l f r o m t h e P a r k C i t y mine ." I n t h i sr e p o r t Dames & M o o r e n o t e d t h a t e n l a r g e m e n t o f t h e embankment h a d
not been . . . " b u i l t a c c o r d i n g to r e c o m m e n d a t i o n s ..." and t h a t thef i l l w a s n o t " . . . p r o p e r l y e n g i n e e r e d d u r i n g c o n s t r u c t i o n . " .
S p e c i f i c p r o b l e m s n o t e d b y D a m e s & M o o r e i n t h e c o n s t r u c t i o n o f t h emain e m b a n k m e n t i n c l u d e d : c v e r s t e e p e n e d s l o p e s c f a p p r o x i m a t e l y1 . 5 : 1 . 0 i n many p l a c e s , n o e v i d e n c e o f i n t e r n a l z o n i n g o f t h e
e m b a n k m e n t ( c l a y c o r e ) , t h e r e c o m m e n d e d d r a i n a g e zone a t t h ed o w n s t r e a m t o e w a s n o t i n s t a l l e d , a n d t h a t o v e r a l l c o m p a c t i o n o ft h e m a t e r i a l in th e e m b a n k m e n t wa s p o o r . A l s o n o t e d a t t h i s t ime
was "... c o n s i d e r a b l e s e e p a g e in the f o r m of s m a l l s e e p s and marshyarea s on the n o r t h w e s t a b u t m e n t and at the d o w n s t r e a m toe of the
main e m b a n k m e n t . . . " . T h e r e p o r t r e c o m m e n d e d a d d i n g a d r a i n a g e
b l a n k e t t o t h e t o e o f t h e e m b a n k m e n t , f l a t t e n i n g t h e o v e r s t e e p e n e ds l o p e o f t h e main e m b a n k m e n t , a n d gave c o n s t r u c t i o n s equence s f o r
a d d i n c r t o t h e d i k e s .

F I E L D I N S P E C T I O N
O n A u g u s t 4 , 1 9 9 2 T A T m S u l l i v a n i n s p e c t e d t h e main abu tmen t o f t h e
T a i l i n g s P o n d . F r o m v i s u a l i n s p e c t i o n a n d r e f e r e n c i n g t h e crosss e c t i o n s p r o v i d e d in the Dames & M o o r e r e p o r t i t a p p e a r s that thed i k e w a s r a i s e d f r o m t h e 1980 l e v e l s a l t h o u g h n o t t o t h e u l t i m a t e
d e s i g n l e v e l s . I t i s p r o b a b l e tha t t h e main embankment w a s a l s or a i s e d a t the same t i m e . No d a t a i s a v a i l a b l e on the c o n s t r u c t i o no r c o n s t r u c t i o n i n s p e c t i o n o f t h i s l a s t round o f c o n s t r u c t i o n . T h ev i s u a l i n s p e c t i o n a l s o i n d i c a t e d t ha t t h e o v e r s t e e p e n e d s l o p e o fthe main embankment had no t been f l a t t e n e d and tha t th e d r a i n a g e
zone at the toe o f the main embankmen t had not been i n s t a l l e d .
T h e M a i n E m b a n k m e n t -
T h e main e m b a n k m e n t i s about 2 0 f e e t h i g h w i t h a s l o p e l e n g t h o f
P. prr^X-' i na r R ] v r i o f e ° . r . . The n? . ."in e m b a n k m e n t i s over s t e e p I v i r . c a t
1 . 0 : 1 . 0 t o 1 . 5 : 1 . 0 ( r u n : r i s e j . A p p r o x i m a t e l y 6 " o f f i n e d r y s a n d ,p o s s i b l y w i n d b l o w n t a i l i n g s , wa s no t ed u n d e r a 3" t o p s o i l coverl a y e r on th e d o w n s t r e a m f a c e o f t h e e m b a n k m e n t . The sand ha s no



s t r e n g t h a n d w i l l e r o d e q u i c k l y i f e x p o s e d . A 3 5 % t o 5 0 % g r a s scover wa s en r.ost o f t h e e m b a n k m e n t w h i c h w i l l h e l p in e r o s i o nc o n t r o l . N o c r a c k i n g w a s e v i d e n t e n t h e e m b a n k m e n t , a l t h o u g h t h e
sand l a y e r w o u l d t e n d t o h i d e a n y s m a l l c r a c k i n g . A l s o , n o b e n d i n g( b u l g i n g ) w a s n o t e d o n t h e e m b a n k m e n t .
T o e c f t h e M a i n E m b a n k m e n t -
Rank v e g e t a t i o n , i n t h e f o r m o f w i l l o w s a n d t r e e s , i s g r o w i n g a tt h e t o e o f t h e cam. A p p r o x i m a t e l y 3 " o f l o a m y d a m p s o i l s a r ee v i d e n t o n t h e t o e o f t h e d a m . T h e amount o f v e g e t a t i o n a n d t h et y p e o f s o i l s o n t h e t o e o f t h e d a m i n d i c a t e t h a t t h e area rece ivesa lo t o f w a t e r . As the we t s o i l s were n o t e d a p p r o x i m a t e l y 6 t o 8f e e t above t h e s t r e a m l e v e l t h i s wa t e r i s p r o b a b l y d u e t o s e e p a g eu n d e r t h e d a m . Other e v i d e n c e c f s e e p a g e f r o m t h e t o e c f t h e d a mw a s e v i d e n t i n t h e f o r m o f ; s o f t m a r s h y a r e a s , rank v e g e t a t i o n
i n c l u d i n g w i l l o w s , l o a m y s o i l s , d a m p s o i l s , a n d areas where waterhad been s t a n d i n g ( a l t h o u g h no s t a n d i n g wa t er was ob s erved onA u g u s t 4 t h ) .
T h e N o r t h A b u t m e n t -
A s w a m p y , l o a m y area on the nor th a b u t m e n t , a d j a c e n t t o where the
embankmen t m e e t s t h e a b u t m e n t , wa s n o t e d . The area wa s w e l l abovet h e t o e o f t h e d a m a t t h e l o c a t i o n o f t h e n o r t h m o n i t o r i n g w e l l .T h e nor th a b u t m e n t w e l l r e c h a r g e d w e l l when b a i l e d . T h e s ec o n d i t i o n s i n d i c a t e t h a t wa t e r s e e p s around o r t h r o u g h t h e c on tac t
between the abutment and th e embankment . U n d e r f u l l headc o n d i t i o n s ( s a t u r a t e d t a i l i n g s ) t h i s c o u l d b e a n area where f a i l u r eo f t h e embankment c o u l d occur.
C r e s t o f t h e M a i n E m b a n k m e n t -
T h e crest i s s l o p e d back t oward t h e t a i l i n g s p o n d a l l o w i n g ; a n y
w a t e r t o d r a i n back t o t h e t a i l i n g s p o n d . H o w e v e r , s m a l l e r o s i o n a lg u l l i e s are f o r m i n g on the crest and d o w n s t r e a m f a c e o f th e dam andc o u l d e v e n t u a l l y l e a d t o l a r g e r g u l l y i n g o n t h e d a m .
W a t e r F l o w -
W a t e r e l e v a t i o n s b eh ind the embankment are unknown, however thee l e v a t i o n o f wa t er in th e d i t c h and th e p o n d s ou th o f t h e t a i l i n g sp o n d a r e p r o b a b l y i n d i c a t i v e o f t h e e l e v a t i o n o f g r o u n d w a t e r behindth e e m b a n k m e n t . F r o m th e i n f o r m a t i o n a v a i l a b l e in th e Dames &M o o r e , I n c . r e p o r t s , i t i s u n l i k e l y tha t a c u t o f f w a l l w a si n s t a l l e d around t h e p e r i m e t e r o f t h e p o n d t o c o n t r o l s e e p a g e undere i t h e r the embankment or the d i k e . The p i e z o m e t e r l o c a t e d on thetoe of the dam i n d i c a t e d the water l eve l to be 5 f e e t b e l ow ground.The s w a m p y ground and r e charge rate o f t h e m o n i t o r i n g w e l l on th enor th abutment i n d i c a t e s tha t wat er f l o w f r o m some source i s
o c c u r r i n a . I n s o e c t i c n o f t h e road c u t n o r t h o f t h e a b u t m e n t
r e v e a i f c d n o s e e p s . W i t h o u t f u r t r i e r i n v e s t i g a t i o n i t i sc o n s e r v a t i v e to use a worst case s c enar i o and assume that thesource of the s e e p i s the water in the t a i l i n g s b eh ind the dam and



t h a t t h e a b u t m e n t \ e m c a n k m e n t c o n t a c t i s a d r a i n a g e p a t h f o r t h ew a t e r .
P e r i m e t e r D i k e -
T h e p e r i m e t e r d i k e w a s p r o b a b l y c o n s t r u c t e d b y s t r i p p i n g m a t e r i a l so f f o f t h e d o w n s t r e a m s i d e a n d p i l i n g t h e u n d i f f e r e n t i a t e d m a t e r i a l
u p a s a d i k e . T h e s l o p e s a r e a p p r o x i m a t e l y 2 . 0 : 1 . 0 . T h e d i k e i sused a s t h e a c c e s s road f o r t h e p o n d a n d i t s e l e v a t i o n var i e s f r o m
2 t o 5 f e e t above t h e l e v e l o f t h e t a i l i n g s i n t h e p o n d . T h e d i k ea p p e a r s to be in good c o n d i t i o n .
D i v e r s i o n D i t c h -
T h e d i v e r s i o n d i t c h h a s been c o n s t r u c t e d a l o n g t h e p e r i m e t e r o f t h et a i l i n g s p o n d a s d e s i g n e d b y D a m e s & M o o r e . T h e d i t c h d e p t h a n dw i d t h v a r i e s , g e n e r a l l y g e t t i n g d e e p e r a n d w i d e r a s i t p r o g r e s s e sd o w n s t r e a m . S t a n d i n g w a t e r w a s e v i d e n t i n most o f t h e d i t c h o n t h es o u t h e r n p e r i m e t e r o f t h e p r o p e r t y . R u s h e s , s e d g e s , a n d c a t t a i l s
were g r o w i n g i n t h e b o t t o m o f t h e d i t c h a l o n g t h e e n t i r e l e n g t h .Recent work ha s been p e r f o r m e d by th e owners in f l a t t e n i n g th ed i t c h banks a n d a d d i n g t o p s o i l t o t h e b a n k s . T h i s work i sa p p r o x i m a t e l y o n e - h a l f c o m p l e t e d . A c c o r d i n g t o t h e owners , t h erest o f t h e d i t c h i s t o b e s i m i l a r l y r e g r a d e d and t o p s o i l e d . Att h e t i m e T A T i n s p e c t e d t h e s i t e , t h e h i l l s i d e d i v e r s i o n d i t c h ' , o nt h e nor th p e r i m e t e r o f t h e t a i l i n g s p o n d , h a d been c u t o f f f r o m t h emain d i t c h a s a r e s u l t o f t o p s o i l s t r i p p i n g . T h i s i m p o r t a n tf e a t u r e s h o u l d be r e c o n n e c t e d to the main d i t c h a s soon as f e a s i b l et o p r e v e n t a d d i t i o n a l w a t e r f l o w i n g i n t o t h e t a i l i n g s p o n d .

C O N C L U S I O N S
kBased o n T A T s i n s p e c t i o n , t h e p r e v i o u s i n v e s t i g a t i o n c o n d u c t e d b y
Dames & M o o r e , and t h a t th e t a i l i n g s p o n d seems t o b e e s s e n t i a l l y
d r y , th er e w o u l d a p p e a r s t o b e no imminent t h r e a t c f f a i l u r e o f t h emain e m b a n k m e n t . F a i l u r e c o u l d occur d u e t o t h e o v e r s t e e p e n e dn a t u r e o f t h e e m b a n k m e n t , e s p e c i a l l y i f t h e embankment becomess a t u r a t e d due e i t h e r t o s a t u r a t i o n o f t h e t a i l i n g s o r t o s a t u r a t i o no f t h e embankment i t s e l f . A threa t e x i s t s o f u n d e r m i n i n g o f t h e d a mt h r o u g h t h e u n c o n t r o l l e d s e e p a g e areas l o c a t e d a l o n g t h e t o e o f t h emain embankment and on the north a b u t m e n t . A g a i n the t hr ea t wou ldb e i n c r e a s e d i f t h e t a i l i n g s become s a t u r a t e d thu s i n c r e a s i n g th ehead pre s sure and p o s s i b l y t h e v e l o c i t y o f water f l o w t h r o u g h th es e e p s .T h e p r o p e r t y owners a r e k e e p i n g o p e n t h e o p t i o n o f r e a c t i v a t i n g t h et a i l i n g s • p o n d . I f t h e t a i l i n g s p o n d i s r e a c t i v a t e d a d d i t i o n a lr e c ommended a c t i o n s are n o t e d in p a r a g r a p h B. b e l o w .

R E C O M M E N D A T I O N S
A . K e e p i n g t h e t a i l i n c s -ocnd c r y t h r o u g h t h e m a i n t e n a n c e o f t h e

d i v e r s i o n d i t c h e s w i l l i o t h e mcs t t o p r e v e n t f a i l u r e o r t n aembankment and a p o s s i b l e r e l e a s e o f the t a i l i n g s ir.to thee n v i r o n m e n t . T h e c o n n e c t i o n be tween t h e h i l l s i d e d i v e r s i o n



1] d i t c h a n d t h e p e r i m e t e r d i v e r s i o n d i t c h s h o u l d b e r e s t o r e d . I nt h e f u t u r e , t h e s l o p e s e n t h e m a i n e m b a n k m e n t s h o u l d b e• j f l a t t e n e d t o 2 . 0 : 1 . 0 c r g r e a t e r , a n d t h e t o e d r a i n a g e b l a n k e t| s h o u l d b e i n s t a l l e d t o a l l o w l i q u i d s t o d r a i n away f r o m t h ee m b a n k m e n t . A m o n i t o r i n g v e i l s h o u l d b e i n s t a l l e d on t h e t op
o f t h e t a i l i n g s p o n d nex t t o t h e e m b a n k m e n t t o m o n i t o r t h e] e l e v a t i o n o f g r o u n d w a t e r w i t h i n the p o n d and a t th e

i e m b a n k m e n t . W i t h w a t e r l e v e l e l e v a t i o n d a t a a v a i l a b l e f o r bo thu p s t r e a m o f th e e m b a n k m e n t and a t th e t o e o f th e embankmenti b e t t e r , e v a l u a t i o n s o f the s t a b i l i t y o f the s t r u c t u r e can be
I m a d e . I f a n y s e e p s a p p e a r o n t h e embankment t h e y s h o u l d b em o n i t o r e d f o r bo th q u a n t i t y a n d q u a l i t y . S e e p s c a r r y i n g as e d i m e n t l o a d g e n e r a l l y i n d i c a t e t h a t a c t i v e u n d e r m i n i n g o f

the embankment may be o c c u r r i n g . U n d e s i r a b l e v e g e t a t i o n int h e f o r m o f w i l l o w s a n d t r e e s s h o u l d b e removed f r o m t h ee m b a n k m e n t .
I f t h e p o n d i s t o b e used f o r t a i l i n g s d e p o s i t i o n , s a t u r a t i o n
o f t h e e x i s t i n g t a i l i n g s i s a d i s t i n c t p o s s i b i l i t y . W i t hs a t u r a t i o n , t h e p o s s i b i l i t y o f f a i l u r e o f t h e embankment i sr a i s e d d u e t o t h e o v e r s t e e p e n e d s l o p e s , t h e e x i s t i n g s e e p s i nt h e d o w n s t r e a m t o e o f t h e d a m , a n d t h e s e e p s a l o n g t h e northa b u t m e n t . S a t u r a t i o n o f t h e t a i l i n g s w o u l d increa s e t h e headp r e s s u r e on the s e e p s , p o s s i b l y i n c r e a s i n g the v e l o c i t y andamount o f water s e e p i n g t h r o u g h t h e embankment . A l s o ,s a t u r a t i o n o f t h e t a i l i n g s w i l l t end t o rai se t h e waters u r f a c e w i t h i n t h e embankment i t s e l f . W e t t i n g o f t h e m a t e r i a lw i t h i n t h e embankment c a n s i g n i f i c a n t l y r e d u c e t h e a b i l i t y o ft h e m a t e r i a l t o r e s i s t f a i l u r e . Because th e embankment i sa p p a r e n t l y c o n s t r u c t e d o f u n d i f f e r e n t i a t e d m a t e r i a l s i t wou ldbe p r u d e n t to add in the d r a i n a g e b l a n k e t at the toe of the

embankment and to f l a t t e n the embankment as r e c o m m e n d e d in the1980 Dames & M o o r e r e p o r t . T h e p o s s i b i l i t y o f a c u t - o f f w a l lbe ing i n s t a l l e d in the embankment s h o u l d a l s o be i n v e s t i g a t e d .
A l s o , c o n t i n u a l m o n i t o r i n g o f t h e s e e p a g e f r o m t h e t o e ,i n s t a l l a t i o n o f a network o f p i e z o m e t e r s and i n c l i n o m e t e r s i sr e c ommended t o c o n t i n u a l l y a s s e s s t h e i n t e g r i t y a n d s t a b i l i t yo f t h e embankment .
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APPENDIX C: I n f l u e n c e of T a i l i n g s Impoundment on Silver Creek Water Quali ty
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APPENDIX C

I N F L U E N C E O F T A I L I N G S I M P O U N D M E N T
ON SILVER CREEK WATER QUALITY

Using water monitoring data f rom the S i t e , s imple mixing calculations were
used to estimate the inf luence of seepage from the Richardson Flat tailings on the water
quality in Si lver Creek. The f o l l o w i n g equation was used:

where: C m i x = the concentration resulting from mixing two waters ( m g / 1 )
Q = the concentration of the f ir s t water ( m g / 1 )
Vj = the f l o w volume of the f i r s t water (cfs)
Q = the concentration of the second water ( m g / 1 )
V 2 = the f l o w volume of the second water (cfs).
As shown in T a b l e s C-l and C-2, zinc concentrations were calculated for a

variety of mixing scenarios. F i r s t , water from the south diversion di tch was added to S i l v e r
Creek using four scenarios:

• Assuming that S i l v e r Creek meets the AWQ standard (0.37 mg/1)
• Using actual zinc concentrations for samples from Silver Creek

upstream of the S i t e col lected May 19, 1999 ( T a b l e C-l)
• Assuming S f l v e r Creek zinc concentrations were 0.00 mg/1
• Assuming most of loading from Richardson Flat is eliminated
Second, seepage from the tailings embankment was added to Si lver Creek at

various seepage zinc concentrations and seepage f l o w rates ( T a b l e C-2).
Mixing water from the south diversion ditch with Silver Creek ( T a b l e C-l)

resulted in water with s l i g h t l y lower zinc concentrations because the zinc concentration
(i.e., 0.15 mg/1) in diversion ditch water was lower than the AWQ standard (i.e., 0.37 mg/1)
or the measured upstream concentration (i.e., 0.51 mg/1) in Silver Creek. The result f rom
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sampling downstream (i.e., 0.49 mg/1) in S i l v e r Creek on May 19,1999 (see T a b l e 4.4.3) is
almost identical to the calculated value of 0.48 mg/1, sugges t ing that water from the t a i l ing s
S i t e is actually s l i g h t l y d i l u t i n g the zinc concentrations in the creek. When S i l v e r Creek
zinc concentrations were assumed to be 0.00 mg/1, diversion ditch zinc concentrations of 4.1
mg/1 were necessary to reach the AWQ limit. Measured zinc concentrations have never
been this high in the ditch. At EPA's suggestion, an addit ional scenario was examined.
Water from the south diversion ditch was assumed to be at background or upgradient
concentrations. Water quality from two upgradient sample locations, RF-1 and RF-3, was
used to represent water chemistry entering S i l v e r Creek without any impact from the
tailings impoundment. Zinc concentrations measured at these two locations in 1999 ( T a b l e
3.4) were averaged (result ing in 0.036 mg/1) and then mixed with zinc concentrations
measured at RF-7 (0.51 mg/1). T h i s resulted in a "mixed" zinc concentration of 0.47 mg/1
for Si lver Creek below the confluence of the diversion di t ch out le t . Comparison of the
"mixed" value with the Aquatic W i l d l i f e criteria in T a b l e 3.4 for RF-8 reveals that the
"mixed" value would exceed both the acute and chronic criteria.

Mixing seepage from the tai l ings embankment with S i l v e r Creek ( T a b l e C-2)
using a variety of zinc concentrations and seepage rates results in no s igni f i cant change in
the zinc concentration in the creek. As shown in T a b l e C-2, the zinc concentrations of the
seepage were varied from 1.9 mg/1, the highest concentrations measured between 1991 and
1998 in the f ive monitoring wel l s , and 0.165 mg/1, the average concentration ca l cu la t ed
from 87 sample s col lec ted from f i v e monitoring we l l s between 1991 and 1998 (see T a b l e
4.4.2.). In addi t ion to the above and at EPA's suggestion, the seepage zinc concentrations
was reduced to 0.036 mg/1, to s imulate no impact from the ta i l ing impoundment, and mixed
with Silver Creek. The result ing "mixed" water chemistry is presented in T a b l e C-2. As
indicated, there is no change to water quality in S i l v e r Creek with seep concentrations
reduced to background concentrations. In other words, if the impoundment was not
present, there would be no s ignif icant change to S i l v e r Creek water quality. The seepage
rates were varied from 0.048 gpm (the highest rate, 63 gpd, calculated by Wes t on , 1999) to
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5 gpm (100 times the highest seepage rate calculated by Wes ton). Given the very small
embankment seepage rates compared with the much larger f l o w of S i l v e r Creek, the
in f lu enc e of embankment seepage on zinc concentrations is negl ig ib l e . When assuming
that Silver Creek zinc was 0.00 mg/1, in order to meet the AWO limit, f l o w rates had to be
0.048 gpm to 5 gpm with zinc concentrations ranging from 12,400 mg/1 to 108 mg/1,
respectively. Zinc concentrations in the embankment we l l s never have been measured at
either of these extremely high values.

The mixing analysis could be extended fur ther by adding water from both the
south diversion ditch and embankment seepage to Silver Creek. A l t h o u g h the mixing
equation presented above could be extended to include three water sources, it is readily
apparent that the resulting water would have a lower concentration than upstream S i l v e r
Creek. T h i s would e s s ent ia l ly have the same result that was calculated by mixing the
diversion ditch water with Silver Creek.
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T a b l e s C-1 and C-2: Z i n c Concentra t i on s

Mixing Equation Parameter:

Water Source:
Notes

A s s u m i n g S i l v e r Creek Meets S t a n d a r d
Actua l U p s t r e a m S i l v e r Creek Cone. ( 5 / 1 9 / 9 9 )
A s s u m i n g S i l v e r Creek Meets S t a n d a r d , I n c r e a s e S o . Divers ionDitch Cone, to Increase S i l v e r Creek Cone, by 25%Actual U p s t r e a m S i l v e r Creek Cone. (5/19/99), Increa s e So.Diver s ion Ditch Cone, to Increa s e S i l v e r Creek Cone, by 25%A s s u m i n g S i l v e r Creek C o n t a i n s 0 m g / l Z n , C a l c u l a t e Z n ConeNeeded in So. Diversion Ditch to Exceed S t a n d a r dActual up s tr eam S i l v e r Creek Cone. (5/19/99), assume So.Diversion Dit ch concentrat ions equal to avg of u p s t r e a m s a m p l e sc o l l e c t e d at R F - 1 and R F - 3 on 5 / 1 9 / 9 9 . T h e s e s a m p l e s representnon- impac t ed waters.

C o n c e n t r a t i o n 1( m g / l )
S i l v e r Creek

0.37
0.51
0.37
0.51

0

0.51

F l o w V o l u m e 1( c f s )
S i l v e r Creek

3.17
3.17
3.17
3.17
3.17

3.17

C o n c e n t r a t i o n 2
( m g / l )

So. Diversion Ditch

0.15
0.15
1.4
1.9
4.1

0.036

F l o w V o l u m e 2( c f s )
So. Diversion Ditch

0.32
0.32
0.32
0.32
0.32

0.32

M i x e d
C o n c e n t r a t i o n( m g / l )

S i l v e r Creek + So.Diversion Ditch

0.35
0.48
0.46
0.64
0.38

0.47

o gI5*S -n

Mixing Equation Parameter:

Water Source:
Notes

H i g h e s t Seepage Cone., H i g h e s t Seepage F l o w ( W e s t o n )
H i g h e s t S e e p a g e F l o w ( W e s t o n )
Average S e e p a g e Cone., H i g h e s t S e e p a g e F l o w ( W e s t o n )
H i g h e s t S e e p a g e Cone., S e e p a g e Rate 1 0 X C a l c u l a t e d ( W e s t o n )
S e e p a g e Rate 10X C a l c u l a t e d ( W e s t o n )
Average Seepage Cone., Seepage Rate 10X C a l c u l a t e d ( W e s t o n )
H i g h e s t S e e p a g e Cone., S e e p a g e Rate 2 0 X C a l c u l a t e d ( W e s t o n )
S e e p a g e Rate 20X C a l c u l a t e d ( W e s t o n )
Average S e e p a g e Cone., S e e p a g e Rate 20X C a l c u l a t e d ( W e s t o n )
H i g h e s t S e e p a g e Cone., Extreme H i g h S e e p a g e Rate
Extreme H i g h S e e p a g e Rate
Average S e e p a g e Cone., Extreme H i g h S e e p a g e Rate
A s s u m i n g S i l v e r Creek C o n t a i n s 0 m g / l Z n , C a l c u l a t e Z n Cone.N e e d e d in Embankment S e e p a g e to Exceed S t a n d a r dA s s u m i n g S i l v e r Creek C o n t a i n s 0 m g / l Z n , C a l c u l a t e Z n Cone.N e e d e d in Embankment S e e p a g e to Exceed S t a n d a r dA s s u m i n g S i l v e r Creek C o n t a i n s 0 m g / l Z n , C a l c u l a t e Z n Cone.N e e d e d in Embankment S e e p a g e to Exceed S t a n d a r dA s s u m i n g S i l v e r Creek C o n t a i n s 0 m g / l Z n , C a l c u l a t e Z n ConeN e e d e d in Embankment S e e p a g e to Exceed S t a n d a r d

C o n c e n t r a t i o n 1
( m g / l )

S i l v e r Creek
( M a y 1 9 , 1 9 9 9 )

0.51
0.51
0.51
0.51
0.51
0.51
0.51
0.51
0.51
0.51
0.51
0.51

0
0
0
0

F l o w V o l u m e 1
( c f s )

S i l v e r Creek
( M a y 1 9 , 1 9 9 9 )

3.17
3.17
3.17
3.17
3.17
3.17
3.17
3.17
3.17
3.17
3.17
3.17
3.17
3 17
3 17
3.17

C o n c e n t r a t i o n 2( m g / l )
EmbankmentS e e p a g e

1.9
1.0

0.165
1.9
1.0

0.165
1.9
1.0

0.165
1.9
1.0

0.165
12400
1080
540
108

F l o w V o l u m e 2( g p m )
EmbankmentS e e p a g e

0.04375
0.04375
0.04375

0.5
0.5
0.5

1
1
1
5
5
5

0.04375
0.5

1
5

F l o w V o l u m e 2
( c f s )

EmbankmentS e e p a g e

000010
0.00010
0.00010
0.001 1 1
0.00111
0.00111
0.00223
0.00223
0.00223
0.01114
0.01114
0.01114
0.00010
0.00111
0.00223
0.01114

M i x e dC o n c e n t r a t i o n
( m q / l )Silver Creek +EmbankmentS e e p a g e
O.S10
0.510
0.510
0.510
0.510
0.510
0.511
0.510
0.510
0.515
0.512
0.509
0.38
0.38
0.38
0.38
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M O N I T O R W E L L
E L E V A T I O N 6 5 9 6 . 9 F E E T

2 3 . 6 % - I O I B 1 1 2

C L

C L

B R O W N S I L T Y C L A Y W I T H S O M E T O
N U M E R O U S G R A V E L . C O B B L E S A N D
B O U L D E R S - M E D I U M S T I F F ( F I L L ;

W A T E R L E V E L 1 1 - 1 5 - 7 3

B L A C K O R G A N I C S I L T Y C L A Y W I T H
O C C A S I O N A L F I N E G R A V E L - S O F T
( O R I G I N A L T O P S O I L )

G R A Y S I L T Y C L A Y W I T H O C C A S I O N A L
G R A V E L A N D C O B B L E S - S T I F F

3 " G R A V E L L A Y E R
3 " G R A V E L L A Y E R

G R A Y . G R E E N I S H - G R A Y A N D R U S T
B R O W N V O L C A N I C B R E C C I A R O C K .
H I G H L Y W E A T H E R E D . S O F T A N DT I G H T ( W E A T H E R S T O S I L T Y F I N E T O
M E D I U M S A N D )

G R A D I N G P R I M A R I L Y R U S T B R O W N
I N C O L O R

G R A D I N G M O D E R A T E L Y H A R D

B O R I N G C O M P L E T E D 1 1 - 5 - 7 3

K E Y
A - B B C

F I E L D M O I S T U R E E X P R E S S E D A S A P E R C E N T A G E
O F T H E D R Y W E I G H T O F S O I L

D R Y D E N S I T Y E X P R E S S E D I N L 8 S . P E R C U B I C
F O O T

B L O W S P E R FOOT O F P E N E T R A T I O N U S I N G A
M O L B H A M M E R D R O P P I N G 3 0 I N C H E S

D E P T H A T W H I C H U N D I S T U R B E D S A M P L E W A S
E X T R A C T E D

D E P T H A T W H I C H D I S T U R B E D S A M P L E W A S
E X T R A C T E D

S C R E E N E D A N D G R A V E L P A C K E D

N O
T H E D I S C U S S I O N I N T H E T E X T U N D E R T H E S E C T I O N

T I T L E D . " S I T E C O N D I T I O N S . S U B S U R F A C E " . I S
N E C E S S A R Y T O A P R O P E R U N D E R S T A N D I N G O f T H E
N A T U R E O F T H E S U B S U R F A C E M A T E R I A L S .

Z O N E O F W E L L W H I C H I S G R A V E L P A C K E D
A N D S L O T T E D I S I N D I C A T E D B Y A R R O W ( ) )

T O L E F T O F L O G O F M O N I T O R W E L L S .
O T H E R Z O N E S O F W E L L S E A L E D O F F F R O M
S L O T T E D Z O N E . S E E T E X T F O R D E T A I L S .

L O G O F M O N I T O R W E L L

MOO*tK



M O N I T O R W E L L 2 M O N I T O R W E L L 3
E L E V A T I O N 6 5 9 6 t F E E T E L E V A T I O N 6604 1 F E E T

£12-6

C L

G P

B R O W N S A N D A N D G R A V E L W I T H S O M E
C L A Y A N D C O B B L E S - LOOSE ( F I L L '

W A T E R L E V E L I I - 1 5 - 7 3
B L A C K O R G A N I C S I L T Y C L A Y W I T H

O C C A S I O N A L S A N D A N D G R A V E L -
S O F T { O R I G I N A L T O P S O I L

D A R K G R A Y S I L T Y C L A Y W I T H S O M E
S A N D A N D G R A V E L - M E D I U M S T I F F

D A R K G R A Y F I N E T O C O A R S E G R A V E L
W I T H S O M E C L A Y . S A N D A N DC O B B L E S - M E D I U M D E N S E

G R A D E S B R O W N

B R O W N A N D G R E E N I S H - B R O W N V O L C A N I C
B R E C C I A R O C K , H I G H L Y W E A T H E R E D ,
S O F T A N D T I G H T ( W E A T H E R S T O S I L T Y
F I N E T O M E D I U M S A N D ;

G R A D E S M O D E R A T E L Y H A R D

B O R I N G C O M P L E T E D 1 1 - 7 - 7 3

CL D A R K B R O W S G R A V E L L Y C L A > \ M T H S O M E
G R A V E L , C O B B L E S A N D B O U L D E R S -M E D I U M S T I F F

G R A D E S B R O W N

W A T E R L E V E L 1 1 - 1 5 - 7 3
R E D D I S H — B R O W N . B R O W N . A N D G R E E N I S H -B R O W N V O L C A N I C B R E C C I A R O C K .M O D E R A T E L Y W E A T H E R E D . M O D E R A T E L YH A R D A N D T I G H T ( W E A T H E R S T O S I L T YF I N E T O C O A R S E S A N D W I T h G R A V E LS I Z E D S L I G H T L Y W E A T H E R E DI N C L U S I O N S ;

G R A D E S M O D E R A T E L 1 ) T O H I G H L Y
F R A C T U R E D ( M O D E R A T E C A V I N G
O F B O R I N G !

B O R I N G C O M P L E T E D 1 1 - 9 - 7 3

L O G O F M O N I T O R W E L L S

D A M E S & MOORE




